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(54) An image forming apparatus 

(57) An image forming apparatus includes an image 
bearing member for bearing an electrostatic image; 
developing means for developing the electrostatic 
image on the image bearing member with toner into a 
toner image; transfer means for transferring the toner 
image onto a transfer material; charging and cleaning 
means for removing residual toner after image transfer 
from the image bearing member and for charging the 
image bearing member; wherein the charging and 
cleaning means includes a rotatable member which has 
an electroconductive foam for retaining electroconduc- 
tive particles and which is rotatable while rubbing with 
the image bearing member. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

s [0001] Th present invention relates to an image forming apparatus of an lectrophotographic or electrostatic record- 
ing type copying machine, printer or the like, more particularly, to an image forming apparatus wh rein a step of effect- 
ing both of cleaning and charging is used. 

[0002] Heretofore, an image forming apparatus using an electrophotographic type is provi ded with a rotatable elec- 
trophotographic photooonsitiv o m ember in t h e fm i n uf a di urn, fo r example, as an image bearing member substantially 

10 at the center thereof, and the surface of the electrophotographic photosensitive member is uniformly charged by charg- 
ing means. Thereafter, the surface of the photosensitive member is exposed to line scanning laser beam, so that elec- 
trostatic latent image is formed in accordance with the image signal on the surface. The electrostatic latent image is 
visualized at a developing station where the surface of the photosensitive member is faced to a developing device with 
rotation of the photosensitive member, so that toner image is formed on the photosensitive member. Thereafter, the 

is toner image is electrostatically transferred onto a transfer material by the transfer means, and the toner image is fixed 
by heat and pressure by a fixing device, so that permanent image is formed on the transfer material. Cleaning means 
is provided at a predetermined position to remove untransferred toner from the photosensitive member after the image 
transfer, so that service of the photosensitive member is cleaned and is reused. 

[0003] The image forming apparatus performing such a series of process steps, is widely used not only in copying 
20 machines also in printers for outputting means of computers and word processors. The image forming apparatus is 
used not only in an office but also at home, and economical aspect such as inexpensive or maintenance-free is impor- 
tant. 

[0004] In an image forming apparatus having the above described structure, a corona charger is used as the charging 
means, and metal wire having an outer diameter of approx. 50^m-100^m is supplied with a high voltage such as 
26 approx. 5kV-10kV, so that air therearound is ionized to electrically charge the member to be charged (photosensitive 
member for example). That is, the use is made with corona discharge. 
[0005] However, the corona charger involves the following disadvantages. 

[0003] The wire per se of the corona charger attracts condemnation during the process of the charging operation, and 
therefore, periodical cleaning and exchange are required. The corona discharge produces ozone. 

30 [0007] Recently, a surface hardness of the electrophotographic photosensitive member is increased to increase the 
printing durability. After repeated use of the photosensitive member surface, the high hardness photosensitive member 
becomes sensitive to humidity because of the influence of the product of the corona resulting from the ozone produced 
by the corona charger, with the result that photosensitive member surface tends to absorb moisture, which causes lat- 
eral flow of the charge on the photosensitive member surface and therefore degrading of the image quality due to the 

35 resulting image flow. 

[0008] To avoid these problems, Japanese Utility Model Application Publication No. HE I- 1-34205 proposes heating 
by a heater tor the photosensitive member; Japanese Patent Application Publication No. HE I- 2-38956 proposes 
removal of the corona product by a brush formed by cooperation of a magnet roller and magnetic toner; and Japanese 
Laid-open Patent Application No. SHO- 61-100780 proposes the removable of the corona product by an elastic roller 
40 from the photosensitive member surface. 

[0009] However, although rubbing of the photosensitive member surface is used with an amorphous silicon photosen- 
sitive member having a very high hardness, the required cleaning device is bulky, against the recent demand for down- 
sizing of apparatus. Additionally, using the photosensitive member heater for always heating it results in increase of the 
electric energy consumption. 

45 [0010] The capacity of the heater for the photosensitive member is approx. 15W-80W, and the required energy is not 
so high, but in most of the cases, the energy is supplied always including the night time, the electric energy consumption 
amount is as large as 5-1 5% of the entire electric energy consumption of the image forming apparatus in a day. 
[001 1 ] The above mentioned Japanese Laid-open Patent Application No SHO- 59- 111 1 79 and Japanese Laid-open 
Patent Application No. SHO- 62-278577 do not recognize the problem of instability of the name intensity due to the tem- 

50 perature variation of the photosensitive member. 

[0012] Japanese Laid-open Patent Application No. SHO- 63-208878 discloses a charging device of so-called contact 
charging type wherein a charging member supplied with a voltage is contacted to the surface of the member to be 
charged (photosensitive member, for example) to electrically charge the surface thereof. Such a charging device of the 
contact charging type is advantageous over the corona charger in that: 

55 

(1) th voltage required to provid th desired potential of the photosensitive member surface can be reduced: 

(2) th amount of the ozon produced during th charging process is zero or extr m ly small, so that necessity of 
use of the ozon removal filter is eliminated, and therefore, th exhausting system of the main assembly of the 
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image forming apparatus can be simplified. 

[0013] Therefore, th abcv described drawbacks resulting from the production of ozon and ozone derivativ can be 

avoided. 

5 [0014] Therefore, the charging device of the contact charging type is expected as th means replaceable with the 
corona charger to electrically charged the member to be charged such as a photosensrtrv member or a dielectric mem- 
ber in an image forming apparatus such as a copying machine, a laser beam printer or an electrostatic recording appa- 
ratus. 

[0015] — The f ol l ow i ng contact cha r g i ng membei usab le with the contact charging type charging device have been pro- 

w posed: 

[001 6] A contact charging member in the form of a magnetic brush of magnetic particles and magnetic materials, as 
disclosed in Japanese Laid-open Patent Application No. SHO- 59-133569: 

[001 7] A contact charging member of a furbrush including electroconductive fibers, as disclosed in Japanese Laid- 
open Patent Application No. SHO- 57-046265: 
is [0018] A contact charging member in the form of an elastic roller of elastic materials including electroconductive 
sponge. 

[0019] Figure 14 shows a schematic structure of an example of a conventional image forming apparatus using the 
contact charging type. A electrophotographic photosensitive member 3 (photosensitive member) in the form of a drum 
is rotated at a predetermined peripheral speed (process speed) in the direction indicated by an arrow x, and the surface 
20 thereof is contacted by a charging member 5 which is a contact charging member. 

[0020] The charging member 5 is supplied by voltage applying means (unshown) with a DC voltage (Vdc) alone or 
with a DC voltage (Vdc) biased with an AC voltage (Vac), and uniformly charges the outer surface of the photosensitive 
member 3 which is rotating in the direction indicated by the arrow. Others 

[0021 ] On the other hand, an original G placed on an original supporting platen glass 6 is illuminated with light L emit- 

25 ted by a lamp 71 (exposure means 7), and the light reflected by the original G is imaged through a mirror system 72 by 
an imaging lens of a lens unit 73, and is directed to the surface of the photosensitive member 3 through a mirror 74, so 
that image of the original is formed on the surface of the photosensitive member 3, or the surface of the photosensitive 
member 3 is scanned by a line scanning laser beam which is modulated in its intensity in accordance with an image 
signal, so that electrostatic latent image is formed on the photosensitive member 3. 

30 [0022] The electrostatic latent image is earned to a developing position where the surface thereof is opposed to a 
developing device 3, by rotation of the photosensitive member 3, and the electrostatic latent image is visualized by a 
developing sleeve 81 coated with a developer charged to proper polarity, so that toner image is formed on the photo- 
sensitive member 3. Thereafter, the toner image on the photosensitive member 3 is electrostatically transferred onto a 
transfer material P by transferring means 1 0, and the unfixed toner image on the transfer material P is fixed by heat and 

35 pressure, and then, the transfer material P is discharged to outside of the image forming apparatus. 

[0023] The untransferred toner or the like remaining on the photosensitive member 3 after the transfer of the toner 
image onto the transfer materia] P, reaches the position where the photosensitive member is opposed to a cleaning 
device 6, and is removed from the photosensitive member 3 by scraping or rubbing with a cleaning member in the form 
of a magnetic brush, fur brush, cleaning roller 61 and/or a cleaning blade 62. One there's a hand, the electrostatic latent 

40 image remaining on the photosensitive member 3 is erased by light provided by a discharging light source 1 3. 

[0024] When the use is made with a magnetic brush has the charging member 5, a magnetic brush layer of magnetic 
particles is formed on the surface of a cylindrical sleeve containing therein a multi-pole magnetic member or a magnetic 
member of ferrite magnet, rubber or magnet 

[0025] The examples of the magnetic particles include magnetic oxide of iron (ferrite) powder such as Cu-Zn-Fe-O 
45 particles, magnetite powder, resin material in which ferrite, magnetite or other magnetic material is dispersed, or known 
magnetic toner material. 

[0026] When the fur brush is used as the charging member 5, a fur brush layer including electroconductive fibers is 
formed on a core metal of an electroconductive member such as a metal material. 

[0027] The electroconductive ffoer is usually of vinyl, PET, polystyrene or like resin fibers in which carbon is dispersed. 

so [0028] When they use is made with an elastic roller as the charging member 5, the charging member 5 comprises a 
supporting shaft and a sponge layer of urethane foam or the like which has been treated for electrocondiictivrty. 
[0029] In any case, the resistance value of the charging member 5 is selected in consideration of the ambient condi- 
tion under which rt is used, the voltage resistance of the surface layer of the photosensitive member 3 which is the mem- 
ber to be charged, so as to provide high charging efficiency. 

55 [0030] In the image forming apparatus shown in Figure 14, the charging step using the charging member and the 
cleaning step using the cleaning member, are provided as separate steps. A proposal has been mad in which contact 
charging member is used to effect the charging and cleaning for the member to be charged, simultaneously. 
[0031] Japanese Laid-open Patent Application No. HEI- 2-064668 discloses an imag forming apparatus comprising 
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a charging and cleaning member (charging member), and Japanese Laid-open Patent Application N . HE I- 4-134464 
discloses an imag forming apparatus comprising a CLN charging member using a magnetic brush. 
[0032] Inth case f using such a charging member, too, the electrostatic latent imag formation, visualization nth 
photosensitiv member 3 and the transfer of the toner image onto th transfer material, ar carried out (Figure 14). 

5 Thereafter, the untransferred toner or the like on th photosensitive member 3 is removed by CLN in th form of a mag- 
netic brush or a furbrush in the cleaning apparatus 6. The roller 61 is supplied with a htgh-voftag from voltage applying 
means (unshown) to uniformly charging the surface of the photosensitive member 3. In this case, no charging member 
5 is provided in addition to the cleaning member. The charging and cle aning mechanism is advantageous from the 

standpoi nt of ozon etes s i t a t ui e and dowi s i z ing of the image lorming apparatus. 

w [0033] The description will be made as to an electrophotographic photosensitive member (photosensitive member) 
use it as an image bearing member. 

[0034] One of the known electrophotographic photosensitive members is an organic photocortductor (OPC). Recently, 
various organic photoconductor materials have been developed as photoconductive materials for a photosensitive 
member, and particularly, a so-called functionally-separated type photosensitive member having a layered structure 
is comprising a charge generating layer and a charge transfer layer, have already been used in commercial copying 
machines and laser beam printers. However, such a photosensitive member has a drawback that durability is relatively 
low. 

[0035] The durability of the photosensitive member include a durability in the electrophotographic property such as a 
sensitivity, residual potential, charging power or image blurmess, and a mechanical durability against sliding, wearing 
20 scraping of the photosensitive member surface, and the durability are significant factors relating to lifetime of the pho- 
tosensitive member. 

[0036] Among the durabilities, those relating to the electrophotographic property particularly, image blurrness is 
caused by deterioration of the charge transportation substance contained in the surface layer of the photosensitive 
member due to active substance such as ozone or NOx produced by corona charger. 
25 [0037] The mechanical durability concerns the physical contact and rubbing of the photosensitive layer by paper, a 
blade and/or cleaning member (roller). 

[00&] In order to improve the durability in the electrophotographic property, it is preferable to use a charge transpor- 
tation substance which is not easily deteriorated by active substance such as ozone or NOx, more particularly, use of 
a charge transportation substance having a high oxidation potential. In order to improve the mechanical durability, it is 
30 preferable to reduce the f iction by enhancing a lubricity of the surface or to enhance the parting property of the surface 
to prevent fusion of the toner, so that surface is durable against the rubbing of the paper artd/or the cleaning member. 
Therefore, it is known that surface layer comprises a lubricant such as fluorine resin material powder, graphite fluoride 
or polyolefin resin powder. 

[0039] However, when the wearing of the photosensitive member surface is significantly reduced, an absorptive mate- 
as rial produced by the active substance such as ozone or NOx is deposited on the photosensitive member surface, and 
as a result, the surface resistance lowers such that surface charge moves laterally with a result of so-called absorptive 
material image flow. 

[0040] As another photosensitive member, an amorphous silicon photosensitive member (a-Si photosensitive mem- 
ber) is known. The photoconductive material constituting the photosensitive layer of the photosensitive member in the 

40 electrophotographic desirably has the following characteristics: that sensitivity is high within high SN ratio (photo-cur- 
rent (tp) /dark current (Id)): it has an absorption spectrum matching the spectrum property of the electromagnetic radi- 
ation projected thereto: the light responsivity is quick with a desirable dark resistance value. In the case of office use in 
which a great amount of image formations are carried out for long term, the long term stability of the image quality and 
the image density is also important. 

45 [0041 ] For example of such a photoconductive material is amorphous hydride (a-Si:H), which is described in Japa- 
nese Patent Application Publication No. SHO- 60-35059 wherein it is used as a photosensitive member for an image 
forming apparatus. 

[0042] Such a photosensitive member for the image forming apparatus is manufactured by heating an electroconduc- 
tiv supporting member to 50°C-400°C, forming on the supporting member a photoconductive layer of a-Si through a 
so film formation method such as vacuum deposition method, sputtering, ion plating, heat CVD, light CVD, CVD or the like. 
Among those methods, the plasma CVD method has been put into practice, wherein a source material gas is dissolved 
by DC. high frequency or microwave glow discharge, and the a-Si accumulated film is formed on the supporting mem- 
ber. 

[0043] In Japanese Laid-open Patent Application No. SHO- 54-83746, there is proposed the photosensitive member 
55 for an image forming apparatus, comprising an electroconductive supporting member and a photoconductive layer of 
a-Si (a-Si:X) comprising halogen atom. 

[0044] In this publication, th a-Si comprises 1-40 atomic % of halogen atom, by which the heat-resistivity is 
enhanced, and the electrical and optical properties suitable for a photoconductive layer of the photosensitive member 
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for the image forming apparatus. 

[0045] Japanese Laid-open Patent Application No. SHO 57-1 1 5556 discloses a provision of a surface barrier layer 
of nort-photocortductive amorphous mat rial comprising silicon atom and carbon atom on a prtotoconductive layer of 
amorphous material comprising silicon atom as a base mat rial in order t improve th electrical optical and photocon- 
5 ductjve properties such as a dark resistance value, a photosensitivity, a light responsrvrty of th photocortductive mem- 
ber having the photocortductive layer formed by a-Si accumulated film, and in order to improve the usability such as 
moisture resistance and stability with time. 

[0046] Japanese Laid-open Patent Appli cation No. SHO- 60-67951 discloses a photosensitive member having a 

lianapuiw it arid Insulatve coating layer comprising the amorphous silicon, carbon, oxygen and fluorine, and Japanese 

10 Laid-open Patent Application No. SHO-62-1 681 61 discloses a use, as a surface layer, of amorphous material compris- 
ing silicon atom, carbon atom and 41 -70 atomic % hydrogen atom. 

[0047] Japanese Laid-open Patent Application No. SHO- 57-1 58650 discourses a photosensitive member for image 
forming apparatus, having a high sensitivity and a high resistance by the use of the a-Si:H, for the photocortductive 
layer, which comprises 1 0-40 atomic % of hydrogen and which has 05-1 .7 of absorption coefficient ratio of the absorp- 

15 tion peak of the infrared absorption spectrum 21 00cm' 1 and 2000cm" 1 . 

[0048] On the other hand, Japanese Laid-open Patent Application No. SHO- 60-95551 discloses that in order to 
improve the image quality of the a-Si, the temperature adjacent the photosensitive member surface is maintained at 30- 
40°C, by which the lowering of the surface resistance due to the moisture adhesion on the photosensitive member sur- 
face occurring as a result of charging, exposure, development and transfer operations for image formation, and the 

20 resulting image flow, are prevented. 

[0049] Because of those development, the electrical, optical and photocortductive property and the usability of the 
photosensitive member tor the image forming apparatus have been improved, and therefore, the image quality has 
been improved. 

[0050] It is known that heat source is a provided the inside such a photosensitive member for the image forming appa- 
25 ratus in order to prevent and remove the image flow under the high humidity condition, and usually, a flat or rod electric 
heater is disposed inside the cylindrical photosensitive member. 

[0051] The image forming apparatus using the contact charging member or the image forming apparatus using the 
charging and cleaning member is advantageous as described in the foregoing, but it involves the following programs. 
[0052] In the case that charging member (CLN charging member) has a magnetic brush which is supplied with the 
30 voltage, that is, magnetic particles are used to charge the member to be charged (photosensitive nrterrtber, for example), 
a liability of leakage of the magnetic particles is a problem. 

[0053] This problem concerns a balance among the magnetic attraction force between the magnetic member and the 
magnetic particles constituting the magnetic brush layer, the mechanical force such as friction due to the rotation of the 
photosensitive rnember which is in the form of a drum, and the Coulomb force of the electric field resulting from the 
35 potential difference between the magnetic brush layer and the non-charged portion on the photosensitive rnember sur- 
face. 

[0054] Particularly; when, for example, the rotational speed of the photosensitive member, the relative speed relative 
to the charging member, a potential difference between the charged potential Vp applied and the photosensitive mem- 
ber surface before charging, is large, the magnetic particles constituting the magnetic brush layer may move to the sur- 
40 face of the photosensitive member which is rotating, during the charging process or the like. If this occurs, the charging 
efficiency lowers with the result of unintended density difference of the image. Japanese Laid-open Patent Application 
No. HE I- 06-194928 discloses a magnetic susceptivifity and the particle size of the magnetic particles to provide mag- 
netic attraction force by use of a multi-pole magnetic member. 

[0055] Japanese Laid-open Patent Application No. SHO- 63-254462 discloses that Sn02 is dispersed in the resin 
45 material of the surface layer, and preferable diameter of the Sn02 and surface roughness of the surface layer. However, 
an effective contact area between the magnetic particles and the photosensitive member or the effects thereof on the 
charging efficiency or the durability are not recognized. 

[0056] When the contract between the photosensitive member and the magnetic particles is not sufficient, they are 
locally non-contacted with the result of partial or wide range improper charging. 
so [0057] Particularly, in the image forming apparatus using a photosensitive member having a very tow service life with 
the high-speed operation (a-Si photosensitive member, for example), the image quality is degraded due to decrease of 
the magnetic particles and the nonuniform charging, and therefore, maintenance or exchange of the charging member 
is inevitable. These increase servicing cost against the tendency to maintenance-free. 

[0058] In order to prevent reduction of the magnetic particles, it would be considered to use large magnetic particle 
55 diameter, but then, non-contact areas between the magnetic particles and the photosensitive member increase with the 
result of uneven stripes in the imag to the improper charging after the non-contact areas. 

[0059] Another method would be to use a recapturing mechanism or to use a plurality of charging members to step- 
wisely charg the photosensitiv member, but these are disadvantageous in terms of downsizing and cost reduction of 
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the image forming apparatus. 

[00S0] When the contact charging member (including CLN charging member) comprises a furbrush of electroconduc- 
tive fibers, the sizes of th ffoers and the strength thereof would be problems. 

[00S1] Generally, th ftoers constituting the furbrush hav cross-secti nal areas and lengths which are both much 
5 larger than those of the pixel in the electrophotographic, and the fiber planting density and th configuration of th fur- 
brush ar significantly influential to the image quality. 

[00S2] In the system using the furbrush, the relative speed between the furbrush tended to photosensitive member is 
made larger than when the magnetic brush is used so that vibration or the rotation is used to improve the image quality. 

[0053] — Hs wever, then, a h iyl i bpeed d i i vi i i g mechanism is required, and the fibers may come out, which would result 

w in improper charging. If the cross-sectional area of the ffoer is small, it easily deforms, so that charging efficiency 
changes in long term use. 

[00S4] Thick fibers are used to in an attempt to prevent such deformation, the image quality is deteriorated as with 
the case of the large size magnetic particles, and in addition, the cleaning would be difficult 
[00S5] When an excessive current flows due to fine defects on the surface of the member to be charged (photosen- 
15 stove member, for example), the fibers would burn at the position. At such position, the change of the state of contact 
with the member to be charged and therefore improper charging always occur. 

[0CS6] In the case that contact charging member (including CLN charging member) comprises an elastic roller, the 
r Her and/or the member to be charged is damaged due to the friction rf a relative speed is provided between the roller 
and the member to be charged (photosensitive member for example). If the contact is made closer in an attempt to 
20 improve the image quality, the friction increases, and the influence of the collapse with the projections of the photosen- 
sitive member and/or the foreign matters. If this occurs, the elastic roller and/or the photosensitive member tends to be 
damaged. 

SUMMARY OF THE INVENTION 

25 

[0087] Accordingly, it is a principal object of the present invention to provide an image forming apparatus with which 
ozone is substantially not produced. 

[00S8] It is another object of the present invention to provide an image forming apparatus wherein charging and clean- 
ing are carried out in one step. 

30 [0039] According to an aspect of the present invention, there is provided an image forming apparatus comprising: an 
image bearing member for bearing an electrostatic image; developing means for developing the electrostatic image on 
said image bearing member with toner into a toner image; transfer means for transferring the toner image onto a trans- 
fer material; charging and cleaning means for removing residual toner after image transfer from said image bearing 
member and for charging said image bearing member; wherein said charging and cleaning means includes a rotatable 

35 member which has an electroconductive foam for retaining electroconductive particles and which is rotatable while rub- 
bing with said image bearing member. 

[0070] These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0071] 

45 Figure 1 is a schematic illustration of an image forming apparatus according to an embodiment of the present 
invention. 

Figure 2 is a schematic sectional view of a CLN charging member according to an embodiment of the present 
invention. 

Figure 3 is a schematic sectional view illustrating a layer structure of an electrophotographic photosensitive mem- 
so ber. 

Figure 4 is a schematic view of an example of a manufacturing apparatus of an electrophotographic photosensitive 
member using amorphous silicon manufactured through glow discharge using RF band high frequency. 
Figure 5 is a schematic view of an example of a manufacturing apparatus for an electrophotographic photosensitive 
member of amorphous silicon manufactured through glow discharge using VHF band high frequency. 
55 Figure 6 is an illustration of a structure around a contact portion between the CLN charging member and the pho- 
tosensitive member according to an embodiment of the present intention. 

Figur 7 is the schematic view of cleaning and charging action of the CLN charging member to th photosensitive 
member according to an embodiment of the present invention. 
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Figur 8 is a schematic view showing retention of the particles by the CLN charging member wh n the contact sur- 
faces of th CLN charging member and the photosensitive member mov in the same direction and in the opposit 
direction. 

Figure 9 is a graph showing the relationship between the resistance value of the surfac layer of the photosensitive 
5 member and th charging efficiency according to an embcdiment of th present invention. 

Figure 10 is a graph showing a r lationship between a temperature property and characteristic energy (Eu) of 

exponential function tail (arbacktail) of the photoconductive layer of the amorphous silicon photosensitive member 

according to an employment of the present invention. 

Rgur o 11 is a g ra ph sho wi ng t he r elationship be tween localization state density (D.O.S.) of the photoconductive 

w layer of the amorphous silicon photosensitive member and the light memory according to one member event of the 

present invention. 

Figure 1 2 is a graph showing the relationship between the localization state density (D.O.S.) of the photoconductive 
layer of the amorphous silicon photosensitive member according to an embodiment of the present invention. 
Figure 13 is a graph showing the relationship between a ratio of Si-H2 bond and Si-H bond in the photoconductive 
is layer of the amorphous silicon photosensitive member and an image roughness. 

Figure 14 is a schematic illustration of an example of a conventional image forming apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 [0072] Referring to the accompaniment drawings, and image forming apparatus according to an embodiment of the 
present invention will be described. 

(Embodiment 1) 

25 [0073] Figure 1 shows a schematic structure of an image forming apparatus according to one embodiment of the 
present invention. In this embodiment the image forming apparatus is an electrophotographic type copying machine, 
but the present invention not limited to it and is applicable to a laser beam printer, facsimile machine or like, for exam- 
ple. 

[0074] In the copying machine in this environment an electrophotographic photosensitive member 3 in the form of a 
30 drum as an image bearing member is rotated in the direction of arrow X at a predetermined peripheral speed (process 
speed), and to the surface of the electrophotographic photosensitive member 3, a charging under cleaning member 
(CLN charging member) 21 of a charging and cleaning device 2 is contacted. 

[0075] The CLN charging member 21 is supplied with a DC voltage (Vdc) or a voltage (Vdc+Vac) biased with an AC 
voltage (Vac) from voltage applying means (unshown). 
35 [0076] On the other hand, a lamp 71 emits light which is reflected by an original G placed on an original supporting 
platen glass 6 and is imaged by an imaging lens of a lens unit 73 by way of a mirror system 72, and the image is pro- 
jected on the surface of the photosensitive member 3 so that electrostatic latent image is formed on the photosensitive 
member 3. 

[0077] Thereafter, the electrostatic latent image is carried on the rotating photosensitive member 3 to a developing 
40 position where the surface of the photosensitive member 3 is opposed to a developing device 3, and is visualized by 
developer including toner and charged to a proper polarity on a developing sleeve 81 , so that toner image is formed on 
the surface of the photosensitive member 3. Thereafter, the toner image on the photosensitive member 3 is electrostat- 
ically transferred onto a transfer material P by transferring means 10 in the form of a roller or a bert and then, the 
unfixed toner image on the transfer material P is fixed by heat and pressure, and the transfer material P is discharged 
45 to outside of the image forming apparatus. 

[0078] After the transfer of the toner image onto the transfer material P, the untransf erred toner remaining on the sur- 
face of the photosensitive member 3 is removed therefrom by a CLN charging member 21 of a charging and cleaning 
device 2. 

[0079] The description will be made as to the CLN charging member. 

so [0030] Figure 2 schematically shows a cross-section of the CLN charging member 21 . 

[0081] According to this embedment the CLN charging member 21 is in the form of a roller, and comprises a core 
metal 21a, a sponge layer 21 b and an applied particle layer 21c (fine charging performance enhancing particles)applied 
on the outer surface thereof. The charging member 21 is supplied with a DC voltage Vdc or a voltage Vdct+Vac biased 
with an AC voltage from voltage applying means (unshown) by way of the core metal 21 a, or directly to the sponge layer 

55 21b by which the electric charge is directly injected into the surface of the photosensitive member after the contact por- 
tion with the surface of the photosensitive member 3, by which the surface of the photosensitive member 3 is uniformly 
charged electrically. 

[0082] Th core metal 21a is of electrc<x)nductrve structure material such as metal, and is designed properly by skilled 
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in the art in constderati n of the process speed and other conditions under which rt is used. The spong layer 21b is of 
electroconductiv material having a controlled resistance, and the part thereof adjacent th utermost part is porous. 
The pore size thereof is preferably not more than 500 urn from the standpoint of the uniformity of the contact The depth 
of the pore is such that particles are retained in th pores and preferably such that when th cleaning and the charging 
5 of the member to be charged ar carried out, the pores are filled with th chaj^ing-p<omotion particles so that pore por- 
tions and the non-pore portions ar substantially flush with each oth r. From this standpoint, it is preferabl that por 
size is the equivalent to or larger than the radius of the charging-promotion particles. 

[0083] A proper f towability on the surface of the sponge layer 21b is preferable in view of the increase/decrease of the 
particl e s such a s-toner ~ " 

w [0084] More specifically, the diameter of pores of the sponge layer 21b is preferably several unv500pra 

[0885] The depth of the pores is preferably not less than the radius of the particles. If the depth is too large, the 
mechanical strength or durability is degraded. In view of the f towability of the particles, too, it is preferably no more than 
approx 2mm. 

[0086] The cleaning and charging member 21 can take the residual toner on the photosensitive member by damming 
15 and rubbing in the cleaning, and the particles such as toner particles can be retained by the surface structure thereof, 
so that it is usable irrespective of the magnetic property, dielectric constant, electrostatic charging property or the like. 
Furthermore, the moving direction of the CUM charging member 21 is not limited. For example, when the CLN charging 
member 21 is in the form of the roller, any rotational direction is usable. 

[0087] In an example of manufacturing the CLN charging member 21 , EPDM or the like in which electroconductive 
20 material is dispersed is foamed and mdded on a core metal 21a, and is abraded to a predetermined dimension. Or, the 
material may be molded into a pile, and then it is wrapped on the core metal. Press Examples of the electroconductive 
material include carbon black or KetjenbJactc 

[0088] The thickness, rubber hardness or the like of the sponge layer 21b. can be properly selected in accordance 
with the conditions such as the process speed (peripheral speed of the photosensitive member 3), the relative speed 

2s or the like under which the apparatus is operated. 

[0089] If the hardness of the sponge layer 21b of the CLN charging member 21 is low, the damage of the CLN charg- 
ing member 21 per se and the surface of the photosensitive member 3 due to the contact and rubbing with the particles 
such as the toner can be prevented. Additionally, the large nip width is usable under low load. Moreover, charging noise 
when the AC voltage bias is employed. 

30 [0080] On the other hand, high hardness of the sponge layer 21 is advantageous in the resistance against deforma- 
tion, that is, durability. Additionally, the strength of the pits and projections can be assured so that toner once captured 
can be retained. 

[0081 ] Therefore, the hardness of the sponge layer 21 b is preferably adjusted to be within such a range that particles 
such as untransferred toner which has been captured on the surface can be retained, and that deformation or the like 

35 does not occur. Moreover, a relatively low hardness is preferable within such a range. 

[0092] More specifically, the preferable hardness is 15-70° approx (Asker-C hardness). When the voltage applied to 
the charging member contains AC component soft CLN charging member 21 having an ASCER-C hardness 60° or 
lower is preferable (Japanese Laid-open Patent Application No. HE I- 5-249805, Japanese Patent Application Publica- 
tion No. HEI- 7-101324 and so on). In terms off the durability, 20-60° approx is preferable. 

40 [00d3] The selection off the hardness should be made also in consideration of the hardness off the photosensitive 
m mber 3 used. More specifically, it is selected in consideration off the process speed handed the intended service life 
off the image forming apparatus. 

[0034] The hardness off the sponge layer 21b changes depending on the content of the electroconductive material 
and the composition thereof. Additionally, by adjusting the bubble, the size and the quantity off the pores in the sponge 

45 layer 21 b, the hardness can be adjusted. 

[00d5] The resistance off the sponge layer 21b preferably has a resistivity of W\&-W\0 A2 Ocm in order to maintain 
high charging efficiency and also to prevent leakage spot or to prevent lowering off the potential along the longitudinal 
direction of the charging member due to fine effects on the surface of the photosensitive member 3. More specifically, 
it is preferably 1x10 5 -1x10 9 Ocm 

so [003S] Here, the resistance value is measured in this manner: a metal tape having a width of is wound around the 
surface of the CLN charging member 21 to be measured, and the resistance value is detected using MO tester available 
from HI0KI, Japan while 50- 1000V is being applied. 

[0097] As descrfced in the foregoing, the CLN charging member 21 of this embodiment is capable of retaining the 
charging-promotion particles applied on the outermost surface portion thereof as will be described hereinafter, the 
55 untransferred toner removed from the photosensitive member 3 by the cleaning operation, by the surface structure per 
se of th charging member, and therefore, the leakag of the particles which tends to occur when magnetic brush is 
used. 

[0038] As regards the contact to th surface of the photosensitive member 3, the very close contact is accomplished 
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as contrasted to the case of the furtorush. and therefore, the nonuniformrty can be avoided both in the cleaning and the 
charging actions. 

[0099] Moreover, since th particles such as the tfwgincrprorTOtion particles or the toner particles exist between the 
CLN charging member 21 and the photosensitive member 3, the contact property is better then in the case that CUM 

s charging member 21 alone is used, and therefor , uniform charging is accomplished. In addition, th friction between 
the CLN charging member and the member to be charged (photosensitrv m mber 3) is reduced by flowing mobility of 
the particles, so that damage of the CLN charging member 21 and the photosensitive member 3 can be suppressed. 
[01 00] It is preferable that predetermined gap is provided between the CLN chargin g member and the photosensitive 

mem ber 3 by ro lle rs, spacers e n tl m l ike i i i u i dw to stably control the wtdth ot contact between the photosensitive mem- 

10 ber 3 and the CLN charging member 21. It is also preferable that CLN charging member 21 rotates, moves and/or 
vibrates with a proper relative speed in the direction of the peripheral movement (X). In this case, it is not preferable that 
CLN charging member 21 is driven by the photosensitive member 3. That is, in order to remove the untransf erred toner 
or the like and in order to prevent improper charging attributable to the microscopical non- smoothing of contact a pre- 
determined relative speed is preferably provided. 

15 [01 01 ] In this environment, the CLN charging member 21 is in the form of a roller, to which the present intention is not 
limited, and may be a belt or the like. 

[0102] In this environment, the member to be charged (image bearing member) is in the form of a drum, but the 
present intention is not limited to that 

[01 03] The description will be made as to particles applied on the sponge layer 21 b of the charging member 21 in this 
20 environment. 

[01 04] The application of the chargirig^rornotion particles on the surface of the CLN charging member 2 1 is effective 
to improve uniformity of contact between the CLN charging member 21 and the photosensitive member 3, thus promot- 
ing the charging reaction and to improve the lubricity. 

[0105] The particles applied on the surface of the CLN charging member 21 may be magnetic or non-magnetic. The 

25 particle size of the particles are properly selected depending on the sizes of the pores of the sponge and on the parti- 
cles size of the used toner or the like. From the standpoint of the image quality such as contact property, cleaning clean- 
ing, charging property or the like, the particles preferably have the same particle size as the toner contained in the 
developer accommodated in the developing device 8, or have smaller particle size than that The particle size is of the 
c^iarging-promotion particles may be uniform or may contain chargjncrpronrtotion particles having different particle sizes 

30 in order to improve the ftowability. 

[01 OS] As regards the particle sizes of the charging-promotion particles and the toner particles, the peaks are meas- 
ured using a laser diffraction type particle size distribution measuring device HEROS available from Nippon Denshi 
KABUSHIKI KAISHA. Japan, for a range of 0.05|im-200nm with 32 parts logarithm division, and the average particle 
size is determined as 50% average particle size. The average particle size of the entire charging-promotion particles 

35 may be determined by extracting not less than 100 particles at random and determining the maximum chord length in 
the horizontal direction as the average particle size using an optical microscope or scanning electron microscope. 
[01 07] Preferably, the electrocoriductivity of the charging-promotion particles is adjusted similarly to the sponge layer 
21b, and for this purpose, the use may be made with ZnO. The particles may be toner particles used as a one compo- 
nent developer or carrier particles used in a two component developer, or further may be untransferred toner particles 

40 caught in the cleaning step 

[0108] As described in the foregoing, by using the porous CLN charging member 21 having a controlled resistance 
and configuration in accordance with the present invention and the charging-promotion particles applied on the surface 
thereof, the microscopical contact between the cLN charging member 21 including the charging-promotion particle and 
the photosensitive member 3 can be optimized, so that degradation of the image quality attributable to the improper 

45 charging can be avoided. 

[01 09] In the image forming apparatus using pre-exposure and particularly using an amorphous silicon photosensitive 
member (a-Si photosensitive member), a large current such as several lOuA/cm 2 (several 100uA, total current) flows 
from the CLN charging member 21 supplied with the voltage to the photosensitive member 3. At that time, in the contact 
nip between the CLN charging member 21 and the photosensitive member 3, the contact area between the CLN charg- 

50 ing member 21 and the photosensitive member 3 is large so that microscopical movement of the charge is smooth. In 
addition, by the stirring of the particles due to the existence of the unsmoothness on the surface of the CLN charging 
member 21 in the contact nip, so that non-uniformity of charging can be prevented. 

[0110] The charging-promotion particles applied on the surface of the CLN charging member 21 are retained by the 
mechanical unsmoothness structure of the CLN charging member 21 , so that leakage of the particles due to the motion 
55 of the particles toward the surface of the photosensitive member 3 while keeping the electric charge. 

[0111] Additionally, the liability of the mechanical damag of the surface of the photosensitive member 3 and/or the 
CLN charging member 21 is reduced, and therefore, the required maintenanc operation is reduced, and th service 
life of the image forming apparatus is expanded. 
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[0112] By using a mechanism for removing or supplying charging-prc*rcrtion partid , the period of service mainte- 
nance operations for th exchange of th particles can be expanded even to th ext rrtthat maintenance operation is 
not necessary. 

[0113] Moreover, wider latitude can be provided for design modification of th image forming apparatus such as mod- 
5 if ication of the process speed, the charging of th surface of photosensitiv member or th like, or th modification of 
the durability of the photosensitive member. 

[01 14] The description will be made as to the electrophotographic photosensitive member (photosensitive member)3 

in the present intention. 

[0145] — The photo seifaili v o membei 3 as D ie Image bearing member (member to be charged) to be charged by the 

w CLN charging member 21 according to the present invention, may be a conventional photosensitive member, or prefer- 
ably, a new photosensitive member. 

[01 1 6] According to the present invention, the resistance value of the surface layer of the photosensitive member 3 is 
controlled such that proper characteristics can be maintained. 

[0117] Figure 9 shows a relationship between the resistance of the surface layer of the photosensitive member 3 and 
is a charging property, potential retentivity, withstand voltage of the photosensitive member 3 having the surface layer. 
[01 1 8] The resistance value of the surface layer of the photosensitive member 3 is measured using a MO tester avail- 
able from HIOKI, Japan, while applying a voltage of 250V-1kV. As shown in Figure 9, it is preferable that resistivity is 
1x10 10 -5x10 15 ftcm from the standpoint of providing good electrical property such as charge retentivity or charging effi- 
ciency of the photosensitive member 3 preventing pin hole leakage which causes damage of the surface layer by the 
20 voltage. Further preferably, it is 1x10 12 -1x10 14 ftcm. 

[0119] It has been found that in addition to the above conditions, when the photosensitive member 3 has a low tem- 
perature dependence and high surface durability, the stable image formation can be maintained for a long term. 
[01 20] Another means for solution to the above-described problem is the provision of the surface layer of the electro- 
conductive fine particles dispersed in a binder resin material, the electric charge is directly injected to the electronic 
25 level of the surface (outermost) lay you from the CLN charging member 21 , by which very good images can be stably 
provided. 

[01 21 ] The description will be made as to the organic p+Krtoconductor (OPC) as the photosensitive member 3. 

[01 22] Figure 3 is a schematic view of a layer structure of a photosensitive member for an image forming apparatus 

according to an embodiment of the present invention. 

30 [0123] Figure 3, (f) shows an example of an OPC photosensitive member for an image forming apparatus. In this 
embodiment, the OPC photosensitive member 3 in the form of a drum comprises a supporting member 31 , a photosen- 
sitive layer (light receiving layer) 32. The photosensitive layer 32 includes a prKrtoconductive layer 33 having a charge 
generating layer 37 and a charge transfer layer 38. and if necessary, a surface protection layer or a surface layer, and 
there is provided an intermediate layer between the supporting member 31 and the charge generating layer 37. 

35 [0124] In the OPC photosensitive member according to the present intention, photoconductrve layer 33, the interme- 
diate layer 35' used as desired, and the surface layer 34' efficiently accept the charge injection from the charging mem- 
ber 21 , and effectively retain the electric charga The inventors have found that surface layer 34* preferably comprises 
high resistance resin material such as a mixture of high melting point polyester resin material and cured resin material 
in which charge holding particles such as metal oxide, for example, Sn02 since then the above described conditions are 

40 satisfied as a result of the respective characteristics as a synergism. 

[01 25] Examples of the resin materials for the surface layer 34*. the ptotoconductive layer 33. the charge transfer layer 
38 and the charge generating layer 37 will be discarded. 

[0126] The polyester is a bonded polymer of acid component and alcohd , and is a polymer provided by condensation 
of dicarboxytic acid and glycol or condensation of hydroxy group of hydroxybenzoic add and a chemical compound hav- 
45 ing carboxy group. 

[0127] The acid component may be aromatic dicarboxylic acid such as terephthalic acid, isophthalic acid, naphtha- 
lenedicarboxylic acid, aliphatic group dicartaxyfic acid such as succinic acid, adipic acid, sebacic acid, alicydic dicar- 
boxylic acid such as hexahydroterephthalic acid, hydroxy carbaxylic acid such as hydroxyethoxy benzoic acid or the like. 
[01 28] The glycol component may be ethylene glycol, trimethylene glycol, tetramethylene glycol, hexamethylene gly- 

50 col, cydohexanedimetytol, polyethylene glycol, polypropylene glycol or the like. 

[01 29] Multifunctional compound such as pentaerythritol, pofymethytolpropane, pyromellrtic and ester formation deriv- 
ative thereof may be copdymerized as long as the polyester resin material is substantially linear. 
[01 30] The polyester resin material may be high melting point polyester resin material. The high melting point polyes- 
ter resin material may be orthochlorophenol resin material having a (imitating viscosity at 36°C of not less than 0.4dl/g, 

55 preferably not less than 0.5dl/g, and further preferably not less than 0.65di/g. However, if the viscosity is too high, the 
operativity becomes worse, and the reaction is not suffident and the satisfactory property is not easily provided, and 
therefore, the limrtating viscosity is preferably not more than 1 .0 dl/g. 

[01 31 ] The preferable high melting point polyester resin materials in this embodiment indudes poJyalkyleneterephtha- 
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late resin materials. Th potyalkylen terephthalate resin mat rial mainly comprises terephthalic acid as an actd com- 
ponent and alkylenegtycd as a glycol component 

[0132] Mor specific examples includ polyethylen terephthalate (PET) mainly comprising terephthalic acid compo- 
n nt and ethylene glycol component polybutylene terephthalate (PBT) mainly comprising terephthalic acid component 
5 and 1 , 4- tetramethylene glycol (1,4- butylen glycol) component (PCT) mainly comprising terephthalic acid compo- 
nent and cyclohexanedimetyiol component, or the like. 

[01 33] Another examples of the high molecular weight polyester resin material include pdyalkylenenaphthalate resin. 

The polyalkylenenaphthalate resin material mainly comprises naphthalenedi carboxylic acid as an acid component and 

alkylenegty ool as a glycol com p on en t, and a specific example tnereor is polyethylenenaphthalate (PEN) mainly com- 

10 prising a naphthalenedicarboxylic acid and an ethylene glycol component. 

[0134] The high melting point polyester preferably has a melting point of not less than 160 °C, further preferably not 

less than 200 °C. Acrylic resin material is usable in place of the polyester resin material. 

[01 35] The usable binders include 2 functional acrylic resin, 6 functional acrylic resin, phosphazene or the like. 

[0136] These resin material have a relatively high crystal property, and the engagement of the cured resin polymer 
is chains and the high melting point polymer chains are dense and uniform, so that high durability surface layer can be 

provided. 

[0137] In the case of the low melting point polyester resin material, the crystal property is low so that degree of the 
engagement is not uniform with the result that durability is low. 

[0138] By the use of a material for the surface layer of the 0PC photosensitive member, in which material a charge 
20 retaining material such as Sn02 is dispersed, the injection charging property is improved. The charge retaining material 
is preferably controlled in the resistance value and the charging efficiency by controlling the amount of the dispersion. 
[0139] It is also effective to disperse fluorine resin material, thus reducing the surface energy of the surface of the 
OPC photosensitive member, thus improving the cleaning performance of the OPC photosensitive member. The fluo- 
rine resin material to be added may be porytetraf fuoroethyl ene (PTFE) particles (Teflon, trademark). The particle size 
25 of the Teflon particle can be property selected by one skilled in the art in consideration of the easy dispersion, electrical 
property such as charging power, the image quality, durability or the like. In this embedment the particle size is apprax 
0.5*im, and the results were good. 

[0140] The description will be made as to the case wherein an amorphous silicon photosensitive member (a-Si pho- 
tosensitive member) is used. 

30 [0141] According to the present invention, the a- Si photosensitive member may be a known one comprises a support- 
ing member 31 and a photosensitive layer 32 including a photoconductive layer 33 of non-ironocrystal material having 
a silicon atom as a base material, but may have improved properties. 

[0142] The a-Si having the improved polarities according to the present invention, comprises a photoconductive layer 
33 comprising 10-30 atomic % of hydrogen, and the characteristic energy of exponential function (urbaccktail) of the 
35 sub-band gap light absorption spectrum thereof is 50-60meV, and the localization state density is 1x10 14 -1x10 16 cm-3. 
[0143] Such an a-Si exhibits good temperature dependence of the charging power, and very good electrical optical, 
photoconductive properties, image quality, durability and use ambience properties. 

[0144] The description will be made as to the photoconductive layer 32 of the a-Si for the image forming apparatus. 
Figure 3, (a)-(e) schematically shows an example of a layer structure of the a-Si photosensitive member for an image 
40 forming apparatus according to the present invention. 

[0145] As shown in Figure 3, (a), in this embedment the a-Si photosensitive member 3 in the form of a drum com- 
prises a supporting mernber 31 and a photosensitive layer 32 thereon. The photosensitive layer 32 comprises an amor- 
phous hydride (a-Si:H) or (a-Si:X) comprising halogen atom)(a-Si:H, X) as a photoconductive layer 33 having a 
photoconductivity. 

45 [0146] Figure 3, (b) shows another example of layer structures, wherein the a-Si photosensitive mernber 3 comprises 
a photosensitive layer 32 provided on the supporting member 31 comprises a photoconductive layer 33 comprising a- 
Si:H, X, and an amorphous silicon surface layer 34. 

[0147] Figure 3. (c) shows another example of the layer structure, wherein the a-Si photosensitive member 3 includes 
a supporting member 31 and a photosensitive layer 32 comprising a photoconductive layer 33 comprising an a-Si:H, X 
so and an amorphous silicon charge injection blocking layer 35. 

[0148] Figure 3, (d) and (e) shows another example of the layer structure, wherein the a-Si photosensitive member 3 
comprises a supporting member 31 and a photosensitive layer 32 thereon which comprises a photoconductive layer 33 
including a charge generating layer 37 comprising a-Si:H, X and a charge transfer layer 38, and an amorphous silicon 
surface layer 34. 

55 [0149] The description will be made as to each layer constituting the a-Si photosensitive member. 

[0150] The supporting member 31 of the a-Si photosensitiv member according to the present invention may be elec- 
troconductive or insulative. 

[0151] Th material of the electroconductiv supporting member may be metal such as AJ, Cr, Mo, Au, In, Nb, Te, V, 
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Tl, Pt, Pd or Fe, or alloy thereof, tor example, stainless steel. 

[0152] The supporting member may be of film of synthetic resin material such as polyester, polyethylene, polycar- 
bonate, cellulose acetate, polypropylene, polyvinyl chtorid , polystyrene, poJyamtde like, r an electrically insulatrv 
supporting member such as a sheet, glass, ceramic or like, wherein a photosensitiv layer side of the supporting mem- 

5 ber is treated for electrocortductivity. 

[0153] The surface of th supporting member 31 may be smooth or rionsmooth, and the supporting member 31 may 
be in the form of a cylinder, a plate or an endless belt or the like, and in this embodiment, it is in the form of a drum. The 
thickness thereof is determined so as to provide a proper photosensitive mem ber for the image forming apparatus, but 

tt4s*ffioally-ftefrtesyftan IOjjj ii because uf t he manufacturing easiness and mechanical strength. 

w [0154] Particularly in the case that image recording is effected on the photosensitive member using coherent light 
such as laser beam, the surface of the supporting member 31 maybe rtonsmooth as long as decrease of the photo-gen- 
erated carrier does not substantially occur, in order to effectively avoid the image defect resulting from interference 
fringe pattern which may appear in the visualized image (toner image). The non-smoothness can be provided through 
a known method disclosed in, for example. Japanese Laid-open Patent Application No. SHO- 60-168156. Japanese 

is Laid-open Patent Application Wo. SHO 60-1 78457, Japanese Laid-open Patent Application No. SHO 60-225854. Jap- 
anese Laid-open Patent Application No. SHO 61-231561. 

[0155] As another method for avoiding the image defect due to the interference fringe pattern more effectively, an 
interference preventing layer or region such as a light absorbing layer may be provided within or below the photosensi- 
tive layer 32. Alternatively, by flaw the surface of the supporting member 31 , the non-smoothness can be provided on 
20 the photosensitive member surface. It can be accomplished by use of abradant, or etching using chemical reaction or 
dry etching, sputtering or the like in plasma. The size and the depth of the flaw will suffice if the decrease of the light 
g neration carrier does not substantially occur. 

[01 56] The description will be made as to the photoconductive layer 33 of the a-Si photosensitive member according 
t the present invention. 

25 [01 57] In order to accomplish the object of the present invention effectively, the becoming f am parameters of the pho- 
toconductive layer 33 constituting a part of the photosensitive layer 32 on the supporting member 31 or on a primer 
layer on the supporting member 31 as desired, are determined in the vacuum deposition film forming method so as to 
provided desired properties. 

[0158] More ^>eciricalty, it can be manufactured through a thin film accumulation method such as glow discharging 
30 method (low frequency CVD method, high frequency CVD method, micro-wave CVD method or another AC discharge 
CVD method or DC discharge CVD DC discharge CVD). sputtering method, vacuum deposition method, ion plating 
method, light CVD method, heat CVD or the like. 

[0159] The selection may be made in consideration of the manufacturing condition, cost, manufacturing scale, prop- 
erties required by the photosensitive member for the image forming apparatus, and in view of the fact that control of 
35 conditions in the manufacturing of the photosensitive member for the image forming apparatus is relatively easy, the 
glow discharging method, particularly the one using have a voltage source frequency in the range of the RF stripe, uW 
stripe or VHF stripe (high frequency glow discharging method). 

[01 60] In the formation of the photoconductive layer 33 through the glow discharging method, source material gas for 
supplying silicon atoms (SI), source material gas for supplying hydrogen atoms (14) and/or source material gas for sup- 
40 plying halogen atoms (X), are introduced in desired gas states into a pressure-reduceable reaction container, and the 
glow discharge is produced in the reaction container so that layer comprising a-Si:H. X is formed on a supporting mem- 
ber 31 placed therein. 

[0161] In order to compensate for the uncombcned hand of the silicon atoms, thus improving the layer quality partic- 
ularly improving the photoconductivity and the charge hokfing property, it is preferable that phofDconducfive layer 33 
45 comprises hydrogen atom and/or halogen atoms, and it is desirable that content of the hydrogen atoms and the halogen 
atoms or the sum of the hydrogen atoms and the halogen atoms is 10-30 atomic %, preferably 15-25 atomic % of the 
sum of silicon atoms, hydrogen atoms and/or halogen atoms. 

[0162] In order to make further easier the control of the introduction ratio of the hydrogen atoms into the photocon- 
ductive layer 33 to provide the film property, a desired amount of H2 and/or He or silicon chemical compound gas corn- 
so prising hydrogen atoms may be mixed. The gases may be introduced in mixture. 

[0163] Examples of the source material gas for supplying the halogen atoms usable with the present invention, are 
preferably halogen chemical compounds which are gasses or gassifiatrie, such as halogen gas. gassifiable halide. inter- 
halogen compound comprising halogen, silane derivative replaced with halogen. Other examples are silicon hydride 
compound comprising silicon atom and halogen atom which is in the state of gas or which can be gasified. 
55 [01 64] Examples of halogen chemical compound usable with the present intention are inter-halogen compourate such 
as fluorine gas (Fg), BrF, CIF, CIF 3 , BrF 3 , BrF^ IF3, IF 7 . The silicon chemical compound comprising halogen atom, that 
is, the silane derivative replaced with halogen atom is preferably fluoride silicon such as SiF 4 . Si 2 F 6 or the like. 
[0165] In order to control th amount of the hydrogen atoms and/or halogen atoms contained in th photoconductive 
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layer 33, the temperature of the supporting member 31 , th amount of introduction into the reaction container, of th 
source material which is used to supply th hydrogen atoms and/or th halogen atoms, th electric discharging power 
or the like, is controlled. 

[01 66] The photoconductive lay r 33 in this mbodiment preferably comprises atoms for controlling the conductivity 
as desired. The atoms for controlling th conductivity may be uniformly distributed in th ptotocortductive layer 33, or 
may be non-uniformly distributed in the direction of the layer thickness, partly. 

[0167] The atoms tor controlling the conductivity may be for example so-called impurity in the semiconductor field, 
and may be p type atom of periodic table lllbgroup (1 lib group atom) or n type atom of periodic table Vbgroup (Vb group 
atom). Ex o rn plea^HH b y i uup alums a r e Phosph orus (P), boron (As), antimony (So), bismuth (BO, and among them, P, 
As are preferable. 

[01 68] The content of the atoms contained in the photoconductive layer 33 for controlling the conductivity is preferably 
IxlO^-lxlOx 4 atomic ppm, further preferably 5x10" 2 -5x10 3 atomic ppm, and even further preferably 1x10~ 1 -tx10? 
atomic ppm. 

[0169] The atoms for controlling the conductivity, for example, 1 1 lb group atoms or Vb group atoms are introduced in 
the layer formation process by introducing the source material for the II lb group atom introduction or the source material 
for Vb group atom introduction in the state of gas together with the other gases for formation of the photoconductive 
layer 33. The source materials for the I lib group atom introduction and the Vb group atom introduction are the ones 
which are in the gas state under the normal temperature and pressure or which are easily gassified under the layer 
forming conditions. 

[0170] The examples of the source material for the 1 1 lb group atom introduction are boron hydride such as E^Hg, 
B 4 H 10 . BgHg, BgH^. B6H 10 , BgH^, BgH^. boron halide such as BF 3 , BC 13 . BBr 3 . Other examples are AICI 3 . GaCl3, 
GafCHsfe, InCfe, TICI3. 

[0171] The preferable source material for the Vb group atom introduction are phosphorus hydride such as PK^. P2H4. 
or phosphorus halide such as PH 4 l t PF 3 , PF 5 , PCI3, PQ^ PBr 3 . PBr 5 Pl 3 , for phosphorus atom introduction. As other 
examples. Ashfe, AsF 3 , AsCI 3 , AsBr 3 . AsF 5 , SDH3, SbF 3 , SbFs. SbCI 3> SbC1 5 , BiHg. BlCfe. BiBr 3 , are usable as a start- 
ing material for the Vb group atom introduction. 

[0172] The source material for the atom introduction for the control the conductivity may be diluted by H2 and/or He. 
[0173] In this environment, the photoconductive layer 33 may comprise carbon atom and/or oxygen atom and/or nitro- 
gen atom. The content of the carbon atom and/or oxygen atom and/or nitrogen atom is preferably 1x1 0" 5 - 10 atomic %, 
further preferably 1x10^ atomic %, even further preferably 1x10" 3 -5 atomic % of the sum of the silicon atoms, carbon 
atoms, oxygen atoms and nitrogen atoms. The carbon atoms and/or oxygen atoms and/or nitrogen atoms may be uni- 
formly distributed in the photoconductive layer or may be nonuniform^ distributed in the direction of the layer thickness 
of the photoconductive layer, partly. 

[0174] The layer thickness of the photoconductive layer 33 according to this employment is determined from the 
standpoint of the electrophotographic property and the cost but it is preferably 20-50um, further preferably 23-45jim 
and even further preferably 25-40 jinr 

[01 75] The temperature of the supporting member 31 for forming the photoconductive layer thereon is properly deter- 
mined in accordance with the layer design, but normally, it is preferably 200 -350°C, further preferably 230 -330°C, and 
even further preferably 250 -310°C. 

[01 76] The supporting member temperature, the gas pressure or like in the formation of the photoconductive layer 33, 
are not independently determined, but are property determined in consideration of the mutual and organic interrelation- 
ship. 

[0177] The description will be made as to the surface layer 34 of the a-Si photosensitive member. 
[0178] The surface layer 34 of the amorphous silicon is formed on the photoconductive layer 33 which has been 
formed on the supporting member 31 in the manner described above. The surface layer 34 has a free surface to provide 
mainly moisture resistance, continuous using a property, electrical withstand pressure temperature property, ambience 
property, durability. 

[0179] The material of the surface layer 34 is any amorphous silicon material such as amorphous silicon (a-si C:H, 
X) comprising hydrogen atom (H) and/or halogen atom (X) and carbon atom, amorphous silicon (a-Si 0:H, X) compris- 
ing hydrogen atom (H) and/or halogen atom (X) and oxygen atom, amorphous silicon (a-si N:H, X) comprising hydrogen 
atom (H) and/or halogen atom (X) and nitrogen atom, amorphous silicon (a-Si CON H, X H, X)comprising hydrogen 
atom (H) and/or halogen atom (X) and at least one of carbon atom, oxygen atom, nitrogen atom. 
[0180] The surface layer 34 can be formed through known thin film accumulation method such as a glow discharging 
method CVD(a AC discharge CVD method such as low frequency CVD, high frequency CVD method or micro-wave 
CVD method or DC discharge CVD DC discharge CVD method), a sputtering method, a vacuum deposition method, 
an ion plating method, a fight CVD, a heat CVD or th like. Th selection may be made in consideration of th manu- 
facturing condition, cost manufacturing scale, properties required by th photosensitive member for th imag forming 
apparatus, and in view of the fact that control of conditions in the manufacturing of the photosensitive member for th 
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image forming apparatus. From the standpoint of the productivity of the photosensitive member, the accumulation 
method similar to the cas of th photoconductiv layer 33 is preferred. 

[0181 ] When th surface lay r 34 comprising a-Si C:H, X is formed through the glow discharging method, the source 
material gas for supplying th silicon atoms (Si), the source material gas for supplying th carbon atoms (C), the source 
material gas for supplying the hydrogen atoms (H) and/or the source material gas for supplying the halogen atoms (X), 
ar introduced in desired gas stat into a pressure-reduceaWe reaction contain r, and the glow discharge is produced 
in the reaction container, by which a layer comprising a-Si C:H, X is formed in on the supporting member 31 on which 
the photoconductive layer 33 has been formed. 

-{0182] Tho amount of th e carbon when t he surface layer 34 comprises the a-Si C as a major component, is preferably 
in the range of 30%-90% of a sum of the silicon atoms and the carbon atoms. 

[0183] By controlling the hydrogen content in the surface layer to be not less than 30 atomic % and not more than 
70%, the remarkable improvement is provided in the electrical property and the high speed continuous using property 
with high hardness of the surface layer maintained. 

[0184] Here, the hydrogen content in the surface layer can be controlled by the flow rate of the H2 gas, the tempera- 
ture of the supporting member, the discharging power, the gas pressure or the like. In order to control the amount of the 
hydrogen atoms and/or the amount of the halogen atoms, the temperature of the supporting member 31 , the amount of 
the source material supplied for the hydrogen atoms and/or the halogen atoms into the reaction container, the electric 
discharging power or the like, is controlled. The carbon atoms and/or the oxygen atoms and/or the nitrogen atoms may 
be distr touted uniformly in the surface layer or may be nonuniformly distrtouted therein in the direction of the layer thick- 
ness of the surface layer, partly. 

[0185] Moreover, the surface layer 34 of the a-Si photosensitive member according to this embodiment may comprise 
atoms for controlling the conductivity. The atoms controlling the conductivity may be distributed uniformly in the surface 
layer 34 or may be distrtouted nonuniformly in the direction of the layer thickness, partly. 

[01 86] Here, the atom for controlling the conductivity may be so-called impurity in the semiconductor field, and it may 
be llto group atom or Vb group atom. The source material for the atom introduction for controlling the conductivity may 
be diluted by H2. He, Ar, Ne gases. 

[0187] The layer thickness of the surface layer 34 according to this embodiment is normally 0.01 -3um, preferably 0.05 
-2pm, even further preferably 0.1 - 1^m. If the layer thickness is less than 0.01 jim, the surface layer 34 is scraped out 
due to wearing during use of the photosensitive member, and if it exceeds 3^m, the deterioration of the electrophoto- 
graphic property such as rising of the residual potential. 

[0188] In order to provide the surface layer 34 have in the properties of the present invention, the temperature of the 
supporting member 31 , the gas pressure in the reaction container is properly selected. The conditions of the tempera- 
ture, the gas pressure of the supporting member 31 in the formation of the 34 are not independently determined, but 
are determined in consideration of the mutual and organic interrelationship among them so as to provide the desired 
properties. 

[0189] In the a-Si photosensitive member according to the present invention, a blocking layer (lower surface later) 
comprising small amount of carbon atoms, oxygen atoms, nitrogen atoms than in the surface layer may be provided to 
improve the charging power or other properties. 

[01 SO] Between the surface layer 34 and the photoconductive layer 33, there may be provided a region in which the 
content of the carbon atoms and/or the oxygen atoms and/or the nitrogen atoms decreases toward the photoconductive 
layer 33. By doing so, the adhesiveness between the surface layer 34 and the photoconductive layer 33 can be 
improved so that influence of the interference to the light reflection after the interface, can be suppressed. 
[0191] In addition, the use can be made with an amorphous carbon film a-C:H comprising a carbon as a major com- 
ponent, for the surface layer. Such a-C:H has a high hardness and high durability. In addition, the friction is low, and 
therefore, the water repellence is good, and even if the heater is omitted, the blurness can be prevented under the high 
hurredity ambience. Additionally, the movement of the charging -promotion particles or other particles toward the photo- 
sensitive member due to the mechanical friction can be suppressed. 

[0192] The surface layer 34 may be an amorphous carbon film (a-C:H:F) comprising carbon as a major component 
and bond with fluorine inside and/or the outermost part The a-C:H:F exhtoits high water repeilelency, low friction, and 
even if the heater is omitted, the blurness can be avoided. 

[01 93] The description will be made as to the charge injection blocking layer of the a-Si photosensitive member of this 
embodiment. 

[0194] It is preferable to provide a charge injection blocking layer 35 having a function of preventing injection of the 
electric charge from the electroconductive supporting member, between the electroconductive supporting member and 
the photoconductive layer 33. When the free surface of the photosensitive layer 32 is subjected to the charging of the 
predetermined polarity, the charge injection blocking layer 35 functions to prevent the electric charge from injecting into 
the photoconductive layer 33 from th supporting member 31, but when it is subjected to th charging of the opposite 
polarity, it does not prevent the injection, that is, it provides a polarity dependence. 
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[01 95] In order to provide such a function, the charge injection blocking layer 35 comprises a r latively larger amount 
of atoms for controlling the conductivity than in the photoconductive layer 33. The atom for contr lling th conductivity, 
contained in the charg injection blocking layer 35, may be distributed uniformly in the charge injection blocking layer 
35, or may be distributed nonuniform^ in th direction of the layer thickness, partly. When th distributed density is non- 

5 uniform, it is preferable that density is higher adjacent supporting member 31 . ft is preferabl that irrespective of 
whether the distrfcuti n of the atoms controlling the conductivity is uniform or not in the direction of th layer thickness 
in the charge injection blocking layer, the distribution is uniform in the plane parallel with the surface of the supporting 

member 31 in order to provide uniform property over the charge injection blocking layer 35. 

[0196] i ne atoms tor controlling the conductivity in the charge injection blocking layer 35 may be so-called impurity 

10 in the semiconductor field and may be III group atom or V group atom. In this embodiment, the layer thickness of the 
charge injection blocking layer 35 is preferably 0.1 -5^m, further preferably 0.3 -4pm and even further preferably 0.5 - 
3}im from the economical standpoint and from the standpoint of the electrophotographic properties. 
[0197] The desirable ranges of the mixing ratio of the dilution gas, the gas pressure, the electric discharging power 
under the supporting member temperature in the formation of the charge injection blocking layer 35 in this embodiment, 

is are the same as those with the photoconductive layer 33, but these factors are not independent but have mutual and 
organic relationship, which should be considered when the factors are determined. 

[0198] In order to further enhance the contactness between the supporting member 31 and the photoconductive layer 
33 or the charge injection blocking layer 35 in the a-Si photosensitive member for the image forming apparatus in this 
embodiment, there may be provided a close contact layer comprising si3N4, SiOg or SiO or an amorphous material 
20 comprising silicon atom as a base material, hydrogen atom and/or halogen atom, carbon atom and/or oxygen atom 
and/or nitrogen atom. Moreover, a light absorbing layer may be provided to prevent occurrence of interference figure 
due to the reflected light from the supporting member 31 as described hereinbefore. 

[01 99] The description will be made as to an apparatus for manufacturing the a-Si photosensitive member described 
in the foregoing. 

25 [0200] Each layer of the a-Si photosensitive member is formed through a film forming method using the known film 
forming apparatus shown in Figures 4, 5. 

[0201] Figure 4 is a schematic view of a manufacturing apparatus of an a-Si photosensitive member for an image 
forming apparatus using a high frequency plasma CVD (RF-PCVD) with a RF stripe as a voltage source frequency. 
[0202] The manufacturing apparatus 40 comprises an accumulation apparatus 41 a, a source material gas supplying 
30 device 42, and an exhausting device for reducing the pressure in a reaction container 43. 

[0203] The reaction container 43 in the accumulation apparatus 41a is provided with a cylindrical supporting member 
44, heater 45 for heating the supporting member, a source gas introduction pipe 46, and a high frequency matching 
box. 

[0204] The source gas supplying device 42 includes cylinders 48a -48f for the source material gas such as S1H4, 
35 GeH 4t H2, CH 4 , B2H 6 , PH3 or the like, valves 49a -49f, 50a-50f, 51a-51f. and mass-flow controllers 52a -52f, wherein 
the cylinders for the source material gas are connected with the gas introducing tube 46 in the reaction container 43 
through valve 53 and manifold 54. 

[0205] Figure 5 shows an example of an accumulation apparatus used in the manufacturing apparatus for the a-Si 
photosensitive member for the image forming apparatus using the high frequency plasma CVD method (VHF-PCVD) 

40 with a frequency in the VHF stripe as a voltage source. 

[0206] As shown in Figure 5, the accumulation apparatus 41b can replace the accumulation apparatus 41a of the 
manufacturing apparatus shown in Figure 4 which is for the manufacturing of the a-Si photosensitive member using the 
RF-PCVD method. That is, it is usable by connecting with the source gas supplying device 42 shown in Figure 4. 
[0207] The accumulation apparatus 41 b has a vacuum sealed structure and comprises a pressure-reduceable reac- 

45 tion container 43 and an exhausting device for reducing the pressure in the reaction container 43, and is connected with 
the source gas supplying device 42 shown in Figure 4. 

[0208] In the reaction container 43, there are provided a cylindrical supporting member 44, a supporting member 
heating heater 45, a source gas introduction pipe 46 and electrodes to which the high frequency matching box is con- 
nected. 

so [0209] The inside of the reaction container 43 is connected with a diffusion pump through an exhausting pipe 55. 
[0210] The source gas supplying device 42 has the same structure as the above described one, and the cylinder of 
the source material gas is connected with the gas introducing tube 46 in the reaction container 43 through a valve. A 
space 56 enclosed by the cylindrical supporting member constitutes a discharging space. 

[021 1 ] In the foregoing, the description has been made as to the structures of the image forming apparatus according 
55 to an embodiment of the present invention, the CUM charging member 21 according to one embodiment the charging- 
prornotion particles according to an embodiment, and the photosensitive member for the image forming apparatus 
according to an embodiment 

[021 2] According to these environments, the CLN charging member, the charging-promotion particle and the photo- 
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sensitive member provide advantageous effects, respectiv ty, but combination thereof provides better advantageous 
effects. 

[021 3] The description will be made as to the entire operation of th image forming apparatus. 

[0214] Trie image forming apparatus shown in Figur 1 which is in the form of a copying machine, comprises a pho- 

5 tosensitiv member 3 hope (a electrophotographic photosensitive member in the form of a drum) as an imag bearing 
m mber, and the photosensitive member 3 rotates in the direction of arrow X at a predetermined peripheral speed 
(process speed). In this embodiment, the photosensitive member 3 is the member to be charged. 
[0215] The photosensitive member 3 and the CLN ch arging member 21 form a contact nip, which is set and controlled 
st ab l y by spacer (unsl tow n ) t u ma i n tain the contact area contnbutabie to assure the property and the charging proper- 

w ties. There may be provided a mechanism for adjustment of the nip, for example, a mechanism for urging the CLN 
charging member 21 to the photosensitive member 3 by a spring having a spring constant corresponding to the hard- 
ness of the CLN charging member 21. 

[021 6] Figure 6 shows more in detail an example of a charging and cleaning device 2 using the CLN charging member 
21. 

is [021 7] The CLN charging member 21 is disposed so as to form a predetermined nip with the surface of the photosen- 
sitive member 3. The charging member 21 is driven out a predetermined relative speed relative to the photosensitive 
member 3 rotating at a predetermined process speed in the direction of arrow X. 

[0218] tn the rear side of the CLN charging member 21 , as seen from the photosensitive member 3, a doctor roller 
24 is contacted to the charging member 21 , the doctor roller 24 functions to uniform in the longitudinal direction of the 

20 charging member 21 the untransferred toner or the like collected on the surface of the CLN charging member 21 from 
the photosensitive member 3, and the excessive toner or the like is removed and transported into a residual toner con- 
tainer 26 from the CLN charging member 21 . Then, the toner or the like is transported to a residual toner container by 
a residual toner transportation system 25. Or, when a toner reusing mechanism (unshown) is provided, the toner or the 
like is transported to the toner reusing mechanism by the residual toner transportation system 25. In place of the doctor 

25 roller 24, a doctor blade is usable. 

[021 9] The charging-promotion particles may be the toner particles, or other particles are usable. 
[0220] In this embodiment the mechanism for removing the particles such as toner particles from the CLN charging 
member 21 , but, as desired, the CLN charging member 21 may be provided with a mechanism (unshown) for supplying 
fine particles for the charging performance enhancing. 

30 [0221 ] The description will be made as to the operation of the charging and cleaning. Figure 7 shows the charging 
and cleaning operation adjacent the contact nip between the CLN charging member 21 and the photosensitive member 
3. 

[0222] (Step-1) the photosensitive member 3 is rotated at the predetermined peripheral speed so that surface of the 
photosensitive member 3 moves in the direction of the arrow. The CLN charging member 21 is rotated by driving means 
35 (unshown) such that surface opposed to the photosensitive member 3 at the contact nip moves in the same direction 
as the photosensitive member 3 with a relative peripheral speed. 

[0223] tn the developing process, the electrostatic latent image is developed into a toner image, and the toner image 
is transferred onto a transfer material by transfer means. Thereafter, the untransferred toner or the like remaining after 
the image transfer onto the transfer material, is attracted on the surface of the photosensitive member 3 by the electro- 
de static force (Coulomb force), irrtermdecular force, frictional force or another force, and approaches to the CLN charging 
member 21 in the charging and cleaning device. 

[0224] At this time, the CLN charging member 21 is charging the surface of the photosensitive member 3 to a prede- 
termined potential. The charging will be described in Step -3 hereinafter. 

[0225] (Step-2) in the nip with the photosensitive member 3, the CLN charging member 21 rubs the surface of the 
45 photosensitive member 3, by which the untransferred toner or the like is stopped by the pits or pores on the surface of 
the sponge layer 21b of the charging member or is scraped thereby, and is collected into the charging and cleaning 
device. 

[0226] (Step-3) the CLN charging member 21 is supplied with a vottage by voltage applying means (unshown) so that 
electric charge is directly injected into the surface of the photosensitive member 3 in the nip between the photosensitive 
so member 3 and the CLN charging member 21 to electrically charged the surface of the photosensitive member 3 to a 
pr determined potential. 

[0227] For the purpose of lubricity, contact property and chargeable relative to the photosensitive member 3, the CLN 
charging member 21 may comprising fine powders applied thereon. As shown in Figure 7, the sponge layer 21 b of the 
CLN charging member 21 is coated with are part of the untransferred toner (Figure 2) and/or with charging-promotion 
55 particles supplied by a proper method, so that coating particle layer 21c is formed (Figure 2) thereon. 

[0228] The charging-prorrwtion particles including the toner used for development may be magnetic or non-magnetic. 
During the charging operation, an electric field is formed, and a current flows between th surface of the photosensitive 
member 3 and the CLN charging member 21 . 
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[0229] Here, th forces applied to the particle on the surfac of th CLN charging member 21 will be considered. As 
th forces retaining the particles on th surface of the CLN charging member 21, there are trictional force between the 
particles and th surface of the CLN charging member 21 and in the mechanical retaining fore provided by the surfac 
shape of the CLN charging member. On th other hand, as th forces urging th particles toward the surface of the pho- 

5 tosensitive member 3, th r are a force provided by th electric fieb and the Coulomb due to the potential difference 
between th CLN charging member 21 and the photosensitive member 3, and fractional force. 
[0230] However, in the case of the CLN charging member 21 according to this embodiment, the particles are captured 
and retained in the pits formed on the surface of the sponge layer 21b (Fig ure 2), and therefore, as compared with the 

case of th o ccwon Sonaf-m agne U i bus h , 1 1 i b ulta rglng. the leanage or roe particles can be properly controlled at low 

10 cost 

[0231] (Step-4) the untransferred toner or the like captured by the CLN charging member 21 is partly made uniform 
in the longitudinal direction on the surface of the CLN charging member 21 by the doctor roller 24. and a part of the par- 
ticles is collected in the charging and cleaning device, and the other remains on the sponge layer 21b (Figure 2) of the 
CLN charging member 21 . 

is [0232] The collected untransferred toner or the like is received by the residual toner container 27 (Figure 6), or is fur- 
ther transported to the toner reusing mechanism (unshown). 

[0233] The residual toner container 27 may be disposed at an unshown partition in the image forming apparatus. For 
example, when it is detachabty mounted to the main assembly of the image forming apparatus in the form of a cartridge 
(including the charging and cleaning device), it may be incorporated in the cleaning device. 

20 [0234] In the foregoing, the description has been made as to the charging and cleaning process in the contact nip 
between the CLN charging member and the photosensitive member 3. In this embodiment, the surface of the photo- 
sensitive member 3 and the CLN charging member 21 are moved in the contact nip in the same directions, but the 
present invention is not limited to this example, and they may be moved in the opposite directions to each other. As 
desired, in order to prevent falling of the particles such as tone- particles, a receptor sheet may be provided. 

25 [0235] Figure 8 shows capture and retaining of the particles such as toner particles by the CLN charging member 21 
when the surface of the photosensitive member 3 and the surface of the CLN charging member 21 move codirectionally 
and when they are moved counterdirectionally. In Figure 8. (a), the surface of the photosensitive member 3 and the sur- 
face of the CLN charging member move codrectionaJty in the contact portion. In Figure 8, (b), they are moved counter- 
directionally. 

30 [0236] As will be understood from Figure 8, (a), (b), in the correctional case, the particles first enter the pore portion 
in the surface of the CLN charging member 21 , and thereafter, the particles further enter the pore portion and are 
deposited on the surface of the CLN charging member as if they are sandwiched between the members with the rota- 
tion of the members. In the counterdirectionaJ case, the particles first enter the pore portion in the surface of the CLN 
charging member 21 , and thereafter, with the location of the members, the CLN charging member 21 takes up the par- 

35 tides into the pore portion and the other surface portions of the CLN charging member. 

[0237] According to the image forming apparatus of this embodiment, the CLN charging member 21 can stably retain 
the charging^rc^notton particles on its surface, and therefore, the state of contact between the CLN charging member 
21 and the photosensitive member 3 contact state can be maintained property, and because of the motion of the charg- 
ing performance enhancing particles in the contact nip between the CLN charging member 21 and the photosensitive 

40 member 3, the uniform contact charging is accomplished for the photosensitive member. 

[0233] By the use of the photosensitive member having the improved temperature property and electrical property, 
high-quality images can be formed for a long term. 

[0239] Additionally, the image defect attrfcutaWe to the projections of the photosensitive member 3 can be sup- 
pressed. By the existence of the charging-promotion particle, the increase of the effective contact area in the contact 

45 nip and uniform contact are accomplished so that fine abnormal discharge can be prevented, and therefore, the dam- 
age attributable thereto can be avoided, and the growth of the image defect can be avoided. 
[0240] The experiments have been earned out to form images while changing the diameter of the toner particles, and 
it has been confirmed that toner deposited on the photosensitive member is not easily removed therefrom, so that black 
stripes (fusing) can be suppressed. This is because the CLN charging member 21 is contacted to the photosensitive 

so member 3 uniformly with a high density so that cleaning effect is improved. 

[0241 ] Furthermore, the durability tests were carried out and the improvement in the contamination level of the CLN 
charging member 21 was confirmed. This is because e even in the paper dust in the image forming apparatus are incor- 
porated in the charging and cleaning member 21, the contamination particles such as the paper dust are quickty dis- 
charged by the flow of the particles including the untransferred toner particles and the charging-prcwotion particles. 

55 This further expand the service fife. 
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(Embodiment 2) 

[0242] As described in the foregoing, a conventional lectrophotographic photosensitive member is usab) , but the 
electrophotographic photosensitive member according to the present invention is particularly advantageous. The 
description will be mad as to the evaluations of th various properties of the photographic photosensrtiv member and 
astoth electrophotographic photosensitive member suitable with th use of the present invention. 
[0243] In this embodiment the use is made with a manufacturing apparatus for the a-Si photosensitive member for 
an image forming apparatus using a RF-PCVD, and the charge injecti on blocking layer 35, the photoconductive layer 
33 and the -s u rf a ce layei 34 am fuimed on the machine ana wasnea aluminum cylinder under the conditions shewn in 
table 1, thus forming an a-Si photosensitive member in the form of a drum. In addition, various a-Si photosensitive 
members are manufactured with the different mixture ratio of the Si H4 and the H2 in the photoconductive layer and with 
different electric discharging powers. 



Table 1 





injection blocking layer 


photocon. layer 


surface layer 


gas amount and rate SiHJSCCM] 


100 


200 


10 


hySCCM] 


300 


800 




B2H 6 [PPM| (to SIH4) 


2000 


2 




NOISCCM] 


50 






CH^SCCM] 






500 


support temp [C°] 


290 


290 


290 


pressure [Pa] 


50 


65 


65 


Power[W) 


500 


800 


300 


Thickfrim] 


3 


30 


0.5 



[0244] The a-Si photosensitive member manufactured under the conditions shown in Table 1 , is set in an image form- 
ing apparatus (NP6750 available from Canon Kabushiki Kaisha, Japan), and the temperature dependence (tempera- 
ture property) of the charging power of the a-Si photosensitive members and the memory and the image defects. In the 
image forming apparatus used in the test, a charging roller and a belt-like charging device was used for the transfer and 
separation charging devices respectively. 

[0245] The temperature property are evaluated in the following manner. 

[0246] As regards, the temperature property, the surface potential (dark potential Vd) of the photosensitive member 
3 is measured without projecting light to the surface of the photosensitive member 3 while the surface temperature of 
th photosensitive member temperature particularly is being changed from the room temperature to 45°C, and the tem- 
perature property is determined as the change ratio of the dark potential Vd per 1°C. The change of the charging power 
perl °C is measured, and the change ratio within 2VA > C is discriminated as satisfactory 

[0247] As regards the image evaluation with respect to the light memory, image flow, roughness or like, continuous 
image formations are carried out under the proper ambient conditions of the following temperature (°C) and humidity 
(RH) conditions or under all conditions, and then, the evaluation is carried out 

35 ± 2°C. 85 and 2°C. 85 ± 10%RH (H/H ambience): 
25 ± 2°C. 10 ± 5%RH (N/L ambiance): 
15±2°C. 10±5%RH (LA ambiance): 

[0248] In the evaluation, when the image quantities are different depending on the ambient conditions, the variation 
awards based on the worst image quality. 

[0249] The evaluation with respect to the fog were made in the following manner. 

[0250] The fog is the foggy background or foggy solid white portion (non-image regfon)produced by improper clean- 
ing, that is, such a portion has a density. The fog was evaluated using three color (black / half-tone / white) chart (Canon 
test chart FY9-901 7-000), and NA-7 chart (Canon test chart FY9-9060-000). 

[0251] The image forming operations were carried out in each of the ambient corcfitions, and the sharpness at th 
edges of th images, the stripe produced by toner leakag and extending along th rotational direction of the photosen- 
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srtrve member and the fog wer evaluated. 

[0252] Th fog was detected using a reflection density meter (reflection meter model TC-6DS, available from TOKYO 
DENSHOKU KABUSHIKI KAISHA, and the amount of the fog was determined as Ds-Dr, where Ds is the worst level of 
the reflection density in the whit background portion after th image formation, and Dr is the reflection averag density 
of the transfer material P before the imag formation. The following 5-level standard was used: 



1. Excellent: Ds-Dr<1.0% 
Leakage line: No: 

2. Good: l.CKDs-Dr<1.3% " 

Leakage line: No: 

3. Substantially good. 1.3£Ds-Dr<1.7% 

Leakage stripe: not more than 0.5mm and not more than 3: 

4. Substantially no problem: 1.7£Ds-Dr<2.0%: 
Leakage stripe: not more than 1 mm and not more than 3: 

5. Practically slightly problematic: 2.0%£ Ds-Dr: 
Leakage stripe: more than 1 -4 



[0253] As regards the evaluation with respect to the fog, the levels 1 -3 were evaluated as being satisfactory. 
[0254] The light memory was evaluated in the following manner: 

[0255] For the evaluation with respect to the light memory, the use was made with a half-tone chart, (Canon test chart 
FY9-9042- 000 or FY9-9098-0C0) and ghost image chart (Canon test chart FY9-9040-000). 
[0256] As regards the light memory, the images formed under the respective ambient conditions were observed 
through a microscope, and the image densities were measured, as follows. 

[0257] The density detection was carried out using a reflection density meter available from Macbeth. The amount of 
the light memory was determined as Dm-Dr, where Dr is an average reflection density of the half-tone after the image 
formation, and Dm is the reflection average density of the light memory portion in the half-tone image part, and the eval- 
uation was made with the following 5-level criterion for evaluation. 



1 . Excellent: the light memory is less than 0.05: 
The light memory is invisible. 

2. Good: the light memory is not less than 0.05 and less than 0.10: 
The density difference is hardly invisible. 

3. Quite good: the light memory is not less than 0.10 and less than 0.15: 
The light memory can be slightly visible. 

4. Practically no problem: the light memory is not less than 0.15 and less than 0.20: 
The light memory is visible. 

5. Slightly problematic: the light memory is not less than 0.35: 
The light memory is visible. 



[0258] The image flow was evaluated in the following manner: 

[0259] The image forming apparatus irrcorporating the sample a-Si photosensitive member and the toner was left 
under the H/H ambience for at least 72 hours, so that stable state was established in the machine. Thereafter, 50, 000 
image forming operations were carried out on sheet and then the main switch is shut off, and the machine is left for 24 
hours. 

[0260] After it was left for 24 hours, 1 00 continuous image forming operations were carried out and the output images 
were checked. 

[0261 ] The original image charts used were Canon test chart FY9-9058-000 and NA-7 (Canon test chart FY9-9060- 
000). 

[0262] As regards the evaluations of the image flow, the image observation was carried out using a microscope, and 
the evaluation was made on the basis of the blumess of the clearances between thin lines. 



1 . Excellent: the blurred range is not less than 9.0: 
Visible. 

2. Good: the blurred range is not less than 7.1 : 
Generally visible. 

3. Fair: th blurred range is not less than 5.0: 
Visible. 

4. Practically no program: th blurred range is not less than 4.5: 
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Vrstol . 

5. Practically problematic: the blurred range is not more than 4.0 or less than 4.5. 
Clearly visibl . 

5 [0263] The r ughness of the image was evaluated in the following manner: 

[0264] The image forming apparatus incorporating the samp! a-Si photosensrtiv member and toner was left under 
each of the ambient conditions for at least 27 hours so that stable ambiance is established in the image forming appa- 
ratus. Thereafter. 50, 000 sheets were processed, and the voltage source of the im age forming apparatus was shut off. 

[0265] — Afterthe-m a c hin e wab left fm 24 hours, 100 continuous image forming operations were carried out, and the 

10 roughness of these images were evaluated. 

[0266] As for the original of the image formations, NA-7 chart (Canon test chart FY9-S060-000). and half-tone chart 
(Canon test chart FY9-9042-000 or FY9-8098-000) were used. 

[0267] As regards the litigation with respect to the roughness, the images were observed using a microscope, and 
the evaluation was made on the basis of the range in which thin lines were broken due to the roughness, and the eval- 
75 uation was made using five levels. 

1 . Excellent: the range is not less than 9.0: 
Invisible. 

2. Good: the range is not less than 7.1 : 
20 Hardly invisible. 

3. Fair: the range is not less than 5.0: 
Hardly invisible. 

Practically no problem: the range is not less than 4.5: 
Visible. 

25 5. Practically problematic: the range is not more than 4.0 (less than 4.5): 
Clearly visEbte. 

[0268] In each of the evaluation, the drum heater or the like has been omitted, in evaluation. For the durability test, 
th used original was TC-AI (Canon test chart FY9-S045-000. The image samples are outputted several times for each 
30 test chart 

[0269] On the other hand, a sample photosensitive member was produced by accumulating an a-Si film having a film 
thickness approx Ijimona glass substrate (Corning 7059) and a Si wafer placed on a cylindrical sample holder, under 
the conditions for producing the photoconductive layer. On the accumulated film on the glass substrate, a comb-like 
electrode of Al was deposited by evaporation, and the characteristic energy (Eu) of the exponential function tail and the 
35 localization state density (D. 0. S.)was measured. The contained hydrogen and the hydrogen bond ratio (Si-H2/Si-H)of 
the accumulated film on the Si wafer was measured by FTIR. 

[0270] Figures 10, 1 1 , 12 show an interrelation between the results of evaluations of the temperature property, the 
light memory, the image flow and the roughness on the basis of the criterion for evaluation described in the foregoing. 
[0271 ] In each samples of the photosensitive member, the hydrogen content is 1 0-30 atomic %. 
40 [0272] Figure 1 0 shows a relation between the temperature property and the characteristic energy (Eu) of the expo- 
nential function tail. 

[0273] Figure 1 1 shows an interrelation between the localization state density (D.O.S.) and the light memory. 
[0274] Figure 1 2 shows an interrelation between the localization state density (D.O.S) and the image flow. 
[0275] Figure 1 3 shows an interrelation between the Si-H2/Si-H ratio and the roughness. 
45 [0276] As will be understood from Figures 10-13, the a-Si photosensitive member having a characteristic energy (Eu) 
of the exponential function tail provided by the sub-band-gap light absorption of 50-60meV, the localization state density 
(D. 0. S. ) off IxlO^-lxlO^cm 3 and the hydrogen bond ratio (Si-H2/Si-H ratio) of 0.2-0.5. exhibits the good electropho- 
tographic property. 

[0277] In this embodiment various photosensitive members were produced with different conditions, mixing ratio of 
so the SiH 4 and the CH 4 in the surface layer, and the electric discharging power and so on. 

[0278] In the foregoing, the a-Si film was formed on the glass substrate and the Si wafer under the conditions for the 
photoconductive layer 33 (for example, Rgure 3, (c)). Similarly, samples of the surface layer 34 (for example, Figure 3, 
(c)) were produced, and the resistance values were measured using a comb-like electrode. For the measurement of the 
resistance value, MO tester available from HEOKI was used while applying a voftage of 250-1 kV. 
55 [0279] Samples of the surface layers were incorporated in the image forming apparatus, and the becoming apparatus 
was left under the ambience of 20°C, 1 0%RH for at least 72 hours to stabiliz the ambience in the image forming appa- 
ratus. Then, the charging property and the potential refenfivity wer evaluated. 

[0280] The resistance values of th photosensitive member samples and th withstand vortag were measured (crit- 



20 



EP 0 989 470 A2 



teal voltage of th dielectric breakdown). 

[0281] Furthermore, durability test for 50, 000 was carried out and then, 100 continuous image formations were car- 
ried out from solid black, half-tone chart and a transfer material, and the pin hoi leakage from a fine drawback on the 
photosensitiv member surface was evaluated. 
5 [0282] Figure 9 shows th results, from which it is understood that resistance value of th surface layer is preferably 
1x1 0 10 -5x10 15 flcm sine th n lectrical property such as the charge retentivity, the charging efficiency and th poten- 
tial retentivrty, and the pin hole leakage can be avoided. Further preferably, it is 5x10 12 -5x10 14 £lcm. 



(Embe dimont 3) ~ " 

10 

[0283] In this embodiment, the properties of the electrophotographic photosensitive member accordng to the present 
invention will be described similarly to Embodiment 2. In this embodiment, the use is made with an apparatus shown in 
Figure 4 which is a film forming apparatus for the electrophotographic photosensitive member for the image forming 
apparatus using VH F-PCVD method, and an a-Si photosensitive member comprising a charge injection blocking layer, 
15 a phctoconductive layer and a surface layer is produced on a aluminum cylinder which has been machined and washed, 
under that conditions shown in Table 2. 



Table 2 



20 




injection blocking layer 


photocon layer 


surface layer 




gas amount and rate SiHJSCCM] 


150 


200 






SiF 4 [SCCM] 


5 


3 




25 


HgfSCCM] 


500 


800 


450 




^HrfPPMl (to SiKU) 


1500 


3 






NO[SCCM] 


10 








CHJSCCM] 


5 




0 - 200 - 200 


30 


CF^SCCM] 






(0 - 300 - 300) 




support temp. [C°] 


300 


300 


250 




pressure [Pa] 


4 


1.3 


2.7 


35 


PowerfW] 


200 


600 


800 




Thick [|im] 


2 


30 


0.5 



[0284] Additionally, various photosensitive members were produced with different mixing ratio of SiH 4 and H2 of the 
40 photoconductive layer and electric discharging power, and the similar experiments to Embodiment 2 were carried out. 
[0285] In addition, an a-C:H photosensitive member having a surface layer not using CF 4 was produced. 
[0286] On the other hand, similarly to Embodiment 2, a sample photosensitive member in which an a-Si film having 
a thickness of approx 1 pm accumulated on a glass substrate ( Corning 7059) and a Si wafer placed on a cylindrical 
sample holder under the conditions of the photoconductive layer. An Al comb-like electrode is deposited by evaporation 
45 on the accumulated film on the glass substrate, and the characteristic energy (Eu) of exponential function tail and the 
localization state density (D.O.S.) were measured by CPM Ck>r^amPrK>tOcuiTemMetrK)d (constant photocurrent 
method)), and the contained hydrogen in the accumulated film on the Si wafer was measured by FT-IR (Fourier trans- 
formation infrared absorption). 

[0287] Similarly to Embodiment 2, the a-Si photosensitive member having the characteristic energy (Eu) of the expo- 
se nential function tail of 50-60meV, the localization state density (D.O.S.) of 1 X10 14 -1x10 16 cm' 3 , exhibits the good elec- 
trophotographic properties. 

[0288] As a result of experiments similar to Embodiment 2, it has been found that resistance value of the surface layer 
of the photosensitive member is preferably 1x10 10 -5x10 15 Ocm, similarly to Embodiment 2. Further preferably, it is 
1x10 12 -1x10 14 Qcm. 

55 

(Embodiment 4) 

[0289] In th embodiments below, durability evaluation or the like was carried out for an image forming apparatus pro- 
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vtded with a CLN charging member and an electrophotographic photosensitiv member in which th properties are con- 
trolled in various ways, and th advantageous effects will be described. 

[0230] In this embodiment, th sportg layer 21b constituting the charging member 21 was provided by foam-molding 
of EPDM in which kneaded carbon black foam material are dispersed. A core metal 21a is inserted in the spong layer 
5 21b, and the sponge layer 21b was abraded into a predetermined dimension. 

[0291] The average pore size of the spong lay r 21b of the CLN charging member of th present invention was 
100pm, and the volume resistivity thereof was approx 3X10 5 Ocm. In this embodiment, the CLN charging member 21 

has a harcfriess of 30°. 

[0292]— Ad ditionally, other CLN chat ying i nw i lber s 2 1 hav i n g different pore sizes was prepared by adjusting the knead- 

w ing ratio of the carbon black and the foam material, by using rubtcelle (tradename, available from TOYO POLYMER 
KABUSHIKI KAISHA (KABUSHIKI KAISHA)) which is a polyurethane foam having a very small pore size such as 
20pm. 

[0293] The preparation was made for 20pm, 50pm, 100pm, 200pm, 400pm, 500pm. 600pm and 800pm as the aver- 
age pore size (diameter). 

is [0294] The preparation was made for 6x10 3 ftcm, 2x10 4 ficm, 3x10 5 ncm, 7x10 7 Ocm, 1x10 9 Ocm, 3x10 12 ftcm, 
1x10 13 ncm as the volume resistivity. The hardnesses are substantially the same. 

[0295] The photosensitive members 3 in this embodiment were a -Si photosensitive member and were produced in 
the same manner as in Embedment 2, and more specifically, the D.O.S. was 4x10 15 cm" 3 , the Eu was 53meV, and the 
resistance of the surface layer was 5x10 13 Ocm. 
20 [029S] They are incorporated in the image forming apparatus of Figure 1 similarly to Embodiment 1 , and the applied 
voltage to the photosensitive member 3, the exposure amount the dark potential and the light potential were adjusted. 
The process speed of the photosensitive member 3 is 3G0rrtm/s. 

[0297] The surface of the CLN charging member 21 was coated with charging performance enhancing power, more 
specifically, ZnO powder having a particle size sufficiently smaller than that of a classified toner, and the excessive pow- 
25 der was removed. It was rotatatrie and is driven by a driving system (unshown). 

[0298] The CLN charging member 21 is pressed against the photosensitive member 3, and a roller was used to pro- 
vide a contact nip width of 6mm relative to the photosensitive member 3. 

[0299] During the durability test, the consumption of the charging^omotion particles were checked periodically, and 
the ZnO particle were supplied corresponding the consumption. The CLN charging member 21 was rotated counterdi- 
30 rectionafly relative to the photosensitive member 3 at a peripheral speed of 70mm/s. 
[0300] The Average particle size of the toner was 6pm. 

[0301 ] Brushing durability tests were carried out for 200, 000 sheets under the ambience of N/N (25°C, 45%RH). for 
the image forming apparatus provided with the cleaning and charging member 21 having the above-descrfced pore size 
and the volume resistivity. 

35 [0302] Here, the durability sheet processing run teste were carried out using TC-AI (Canon test chart FY9-9045-000), 
and several sample images were produced for each test chart Additionally, the evaluations were made as to the image 
defect such as the defective cleaning, the light memory, the image flow, the white spot, the black spot. The evaluation 
method was the same as with Embodiment 2. 

[03031 Table 3 shows the results of evaluations as to the CLN charging member 21 and the photosensitive member 
40 3 before and after the durability run. In the table: 

E: excellent (the charging property is maintained a very good, and the defective cleaning level including the fog is 
maintained good, and the image flow level is maintained: : rank 5 

G: good (good image quality charging properties are maintained more in good state, and the rank change of the 
45 defective cleaning level on the image is not more than 1 : rank 4 

F: the image quality is as with a conventional apparatus (the charging property retention and the charging property 

retention are equivalent to the conventional level: 

Rank 3-1 (discriminated on the basis of the defective cleaning level). 

50 

Table 3 
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Table 3 (continued) 



Resist. 4* 


20 


50 


100 


200 


400 


500 


600 


800 
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E 


G 


G 


1X10 9 


E 


E 


E 


E 


E 


E 


G 


G 


3X1 0 12 


E 


E 


E 


E 


G 


G 


F 


F 


1X10 13 


G 


G 


G 


G 


G 


G-F 


F 


F 



Unit: Resisti vity=Ohm. cm 4>=microns 
Hardness: approx. 30 



[0304] Then, the hardness of the CLN charging member 21 was changed, and the tests and the evaluations were 
carried out The volume resistivity of the CLN charging member 21 of was 3x 1 0 5 Ocm-5x 1 0 7 ftcm. 



Table 4 
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G 
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G 
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G 


F 



Unit: Hardness=degree ^microns 
Resistivity: approx. 3x10 s - 5x10 7 Ohm.cm 



[0305] The CLN charging member 21 was rotated counterdirectionally at a speed of) 70mrn/s relative to the photo- 
sensitive member 3 similarly to the foregoing, and in addition, with different relative speed. 

[0306] The peripheral speed of the CLN charging member 21 is determined so as to provide a predetermined relative 
speed relative to the photosensitive member 3, by which the contact of the CLN charging member 21 to the photosen- 
sitive member 3 becomes uniform, and the scraping of the untransferred toner in the cleaning is more effective. 
[0307] The ejection of the driving may be codirecbonal relative to the rotation of the photosensitive member 3 at the 
contact nip between the photosensitive member 3 and the CLN charging member 21 , and even in that case, the prop- 
erties of the CLN charging member 21 were good. 

[0308] Good results were confirmed both in the use of one component toner or to component toner (containing toner 
carrier, for example). 

[0309] As for the charging-promobon particle, the toner particles used as the developer by the developing device of 
the image forming apparatus may replace the ZnO particles, and the similar results were confirmed in such a case. 

(Embodiment 5) 

[031 0] In this embodiment, the CLN charging member 21 and the photosensitive member 3 were incorporated in the 
image forming apparatus of Figure 1 , similarly to Embedment 4, and the tests and the variations were carried out sim- 
ilarly to Embodiment 3. The CLN charging member 21 was rotated counterdirectionally relative to the peripheral move- 
ment of the photosensitive member 3 at the peripheral speed of 70mrrvs, similarly to the foregoing embodiments. 
[031 1 ] As shown in Figure 6, the charging and cleaning device 2 of this embodiment further comprises particle sup- 
plying means 23 and a blade 22 at a position downstream of the particle supplying means 23 with respect to the rota- 
tional direction of the CLN charging member 21 . 
[0312] The evaluations of the tastes of this embodiment were good. 

[0313] After the durability run, the CLN charging member 21 was taken out of the imag forming apparatus and was 

inspected, no reduction or localization of th charging-promotion particles is not recognized. 

[0314] It is considered that CLN charging member 21 can be maintained in a good stat by th combination in syn- 
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ergism of the function of the particle supplying means 23 supplying the charging -promotion particles to th surface of 
the CLN charging member 21 and the function of the blade 22 uniforming a proper amount of the particles on th CLN 
charging member 21 al ng the axial direction. 

[0315] A doctor roller 24 is usabl as described in Embodiment 1 in addition to th blade 22 for removal and/or uni- 
5 formalization of th particles including the particles for the charging performance enhancing nth CLN charging mem- 
ber 21. 

[0316] A plurality of such members may be provided in one image forming apparatus. For example, before and after 
the position where the particle supplying means 23 supplies the p articles to the CLN charging member 21, a partic le 

r em c w i ngAi i l i fumiii iy mechanism su ch as the above aescriDed blade 22 and/or the doctor roller 23 may be provided, by 

w which the foreign matter removed from the photosensitive member 3 can be more efficiently removed from the CLN 
charging member 21 , which is advantageous for the subsequent cleaning and charging process. 



(Embedment 6) 



15 [0317] In this embodiment, similarly to Embodiment 3, the a-Si photosensitive member is produced, wherein the D. 
O. S is 2x10 15 cm* 3 , Eu is 52meV, and the surface layer 34 is of amorphous carbon (a-C:H). and the resistance is 
4x10 13 Ocm. 

[0318] Except for the photosensitive member 3, the structures of the CLN charging member 21 and the charging-prc- 
motion particles are evaluated in the same manner as with Embodiment 4. In this embodiment, similarly to Embodiment 
20 4, the CLN charging member 21 was rotated at the peripheral speed of 70mm/s counterdirectionally relative to the pho- 
tosensitive member 3. The results after the durability run are shown in tables 5 and 6. 



Table 5 
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Unit: volume resistivity (Ocm) college and pore size 4> (urn). 
Hardness is approx 30°. 
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Unit hardness (degree), and pore site 4> (Mm). 
Volume resistivity was 3x10 5 Ocm-5x10 7 cm 
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[031 9] As in this embodiment, by the us of the surface layer of an a-C:H, the adaptability to the hardness of the CLN 
charging member 21 and to the por siz on th surface thereof are enhanced. More particularly, even when th hard- 
ness of th CLN charging member 21 is low, the fact that friction is low is effectiv to suppress th damage due to the 
rubbing of the particles and th sponge Layer 21b per se with the photos nsrtiv member 3. 
[0320] For th other hand, the hardness of the spong layer 21b is a high, the surface layer of the photosensitive 
member 3 has a high hardness so that friction with th CUM charging member 21 is decreased, so that damage of the 
CLN charging member 21 is suppressed. 

[0321 ] Furthermore, according to this embodiment, t he load required for driving the CLN charging member 21 is used. 
the wearing (pandculany wnen row hardness CLN charging member is used) is reduced. 

(Embodiment 7) 

[0322] In this embodiment, the photosensitive member 3 was prepared in the same manner as in Embodiment 2, sim- 
ilarly to Embodiment 6. However, in this embodiment, in the preparation of the surface layer 34 of the photosensitive 
member, the source material gas contains gas comprising fluorine, and the discharging power and the internal pressure 
were adjusted correspondingly. 

[0323] The photosensitive member 3 is an a-Si photosensitive member, and the photoconductive layer 33 boards of 
the same as with Embodiment 6, and the surface layer was of amorphous carbon (a-C:H:F) including fluorine, and the 
registers thereof is 8x10 14 ficm. By the function of the fluorine, the fiction of the photosensitive member surface is low. 
[0324] According to Embodiment 8 all of this environment, the photosensitive member is provided with a surface pro- 
tection layer (overcoating layer, OLC) having a charge injection property, on the photosensitive layer (organic photocon- 
ductive layer (OPC)). 

[0325] Referring to Figure 3, (f), the description will be made. 

[0326] On a base which is an aluminum cylinder, 5% methanol solution of alkoxy methyl Nylon is applied through a 
dipping method to form a lining layer (intermediate layer) having a film thickness 1 pm. 

[0327] Subsequently, 10parts (parts by wt.) of oxytftanium phthalocyanine pigment, Mparts of polyvinyl butyral and 
50parfs of cycfohexanone a mixed and dispersed for 20 hours by a sand mill apparatus using 1 COparts of glass beadss 
having the diameter of 1 mm. To the dispersing liquid, 70-120parts of methyl ethyl ketone was added, and was applied 
on the lining layer, and it was dried at 100°C for 5min. To form a charge generating layer 37 having a thickness of 0.2pm. 
[0328] lOparts of styryt compound, lOparts of bisphertoJ type potybarbonate are dissolved in 65parts of monochlo- 
robenzene. The liquid was applied on the charge generating layer 37 through dipping method, and was dried by hod air 
at 120°C for 60msn. To form a charge transfer layer 38 having a thickness of 20pm. 

[0329] A charge injection type surface protection layer (OCL) 34' having a thickness of 1 . Ojim was formed on the 
charge transfer layer 38. In this embodiment, the OCL is prepared in this manner. 

(A) 100parts of high melting point polyethylene terephthalate provided by ferephthalic acid as the add component 
and ethylene glycol as the glycol component, having a lirritating viscosity of 0.70 dl/g, melting point of 258 degree, 
a glass transition temperature of 70°C (the glass transition temperature was measured at a temperature rise speed 
of 10°C/min using a differential calorimeter as to a 5mg of measured sample prepared by melting the sample pol- 
yester resin material at 280°C and quenching it by ice water of 0°C, and (B) epoxy resin material (epoxy equivalent 
is 160, aromatic ester type, tradename is Epikote 190P, available from YUKA SHELL EPOXY), are dissolved in 
100rrd of mixed liquid of phenol and fetrachtoroethane (1 :1). 

Into the liquid thus prepared, 60 % by weight of Sn02 powder was mixed, as charge retaining powder. The 
resistance value of the OCL layer is adjustable by selection of the resin material and/or the amount of the charger 
retaining powder. 

Then, 

(C) Mparts of were added, thus producing resin material composition liquid. 

[0330] It was throughout by 2kW high-pressure mercury lamp (30W/cm) placed 20cm away at 130°C for 8sec. 
[0331] The resistance of the OCL of this embodiment was 8x10 13 Ocm. 

[0332] The CLN charging member 21 has the same volume resistivity, hardness and pore size as with Embodiment 
3. and they were incorporated in the image forming apparatus of Figure 1 . The process speed (peripheral speed of the 
photosensitive member 3) was 150mmfeec the conditions such as the applied voltage to the CLN charging member 21 
or the like was adjusted such that dark potential of the surface of the photosensitive member 3 was -700V, and that 
potential (image portion) after the exposure by the image signal application was -130V. 

[0333] Th CLN charging member 21 is contacted to the photosensitive member 3 with the nip width of 6mm, and 
was driven at the peripheral speed of 70mm. Similarly to Embodiment 4, the rtiarging-promofion particle supplying 
means 23 and the blad 22 were provided around the CLN charging member 21 . Th charging-promotion particle are 
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of ZnO, similarly to Embodiment 3. 

[0334] That durability run tests were carried out for 10, 000 sheets under the N/N ambience cognition, and the results 
have been confirmed. 

[0335] More particularly* in th embodiment, the image quality and the contact of the CLN charging member 21 to the 
photosensitiv member 3 were maintained even after the test Additionally, known damag or wearing of th CLN 
charging member 21 was recognized. Moreover, no damage or scraping of th surfac of the photosensitive member, 
which will adversely influence the image formation, was recognized even after the test. 

[0336] According to this environment, the existence of the charging-pr omotion particles increases the effective con- 
"taet-area-belween the CLN uha i y ii t g member 21 and the photosensitive member 3, so that high efficiency of the charge 
injection is accomplished, and the flowability of the charging-promotion particles on the CLN charging member 21 is 
improved, and therefore, localized pressure is removed. 

[0337] As descrbed informally, the present intention is applicable to the OPC photosensitive member. 
[0333] The present invention is not limited to the case wherein the CLN charging member 21 and then electrophoto- 
graphic photosensitive member 3 are fixed in the image forming apparatus, it is usable with a process cartridge which 
contains as a unit the CLN charging member 21 and the photosensitive member 3 in the form of cartridge which is 
detachably mountable to the main assembly of the image forming apparatus. The cartridge may contain as a unit the 
CLN charging member 21 , the developing device 8 having the developer carrying member 81 , the electrophotographic 
photosensitive member 3 in the form of cartridge which is detachably mountable to the main assembly of the image 
forming apparatus. 

[0339] While the invention has been described with reference to the structures disclosed herein, it is not confined to 
the details set forth and this application is intended to cover such modifications or changes as may come within the pur- 
poses of the improvements or the scope of the following claims. 

[0340] An image forming apparatus includes an image bearing member for bearing an electrostatic image; developing 
means for developing the electrostatic image on the image bearing member with toner into a toner image; transfer 
means for transferring the toner image onto a transfer material; charging and cleaning means for removing residual 
toner after image transfer from the image bearing member and for charging the image bearing member; wherein the 
charging and cleaning means includes a rotatable member which has an electroconductive foam for retaining electro- 
conductive particles and which is rotatable while rubbing with the image bearing member. 

Claims 

1 . An image forming apparatus comprising: 

an image bearing member for bearing an electrostatic image; 

developing means for developing the electrostatic image on said image bearing member with toner into a toner 
image; 

transfer means for transferring the toner image onto a transfer material; 

charging and cleaning means for removing residual toner after image transfer from said image bearing mem- 
ber and for charging said image bearing member; 

wherein said charging and cleaning means includes a rotatable member which has an electroconductive foam 
for retaining electroconductive particles and which is rotatable while rubbing with said image bearing member. 

2. An apparatus according to Claim 1 , wherein the electroconductive particles comprises zinc oxide. 

3. An apparatus according to Claim 1 , wherein a depth of the cells in the surface of said rotatable member is not less 
than a radius of the conductive particles. 

4. An apparatus according to Claim 1 , wherein a diameter of the cell in the surface of said rotatable member is not 
mare than 500 microns. 

5. An apparatus according to Claim 1, wherein said rotatable member has an Asker-C hardness of not less than 15 
and not more than 70 degrees. 

6. An apparatus according to Claim 5, wherein the hardness is not less than 20 and not more than 60 degrees. 

7. An apparatus according to Claim 1 , wherein said eJectroconductiv foam has a resistivity of not less than 10 3 and 
not mor than 10 12 Ohm.cm. 
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An apparatus according to Claim 7, wher in th resistivity is not less than 10 s and not more than 10 9 Ohm.cm. 

An apparatus according to Claim 1 , wherein said charging and cleaning means has a collecting member for collect- 
ing the ton r from said rotatable member. 
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